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I. INTRODUCTION 
 
1.1. Industrial enzymes applications  
Enzymes are highly effective biological catalysts involved in all metabolic processes and are 
produced by living organisms to increase the rate of an immense and diverse set of chemical reactions 
required for life (Kumar et al., 2014). Enzymes are considered to be little miracle substances for 
innovation, process advantages and cost reductions. The performance of enzymes as the most proficient 
catalyst in some applications is really breathtaking and offering much more competitive processes, 
especially compared to conventional chemicals catalyst (Choi et al., 2015). Enzymatic processes have 
been implemented in broad range of industries (Industrial enzymes) in recent decades because they are 
specific, speed up chemical reaction and often save raw materials, energy, chemicals and/or water 
compared to conventional processes (Jegannathan and Nielsen, 2013).  
Microbial enzymes are known to play a crucial role as metabolic catalysts, approximately 200 
microbial original types are used commercially leading to their use in various industries and 
applications. However, only about 20 enzymes are produced on truly industrial scale (Li et al., 2012).  
Based on purpose of use, the industrial enzymes are divided into three categories: (i) food enzymes, (ii) 
feed enzymes, and (iii) technical enzymes. In the following sections, the role of enzymes in a broad 
range of industries, such as in food, feed and technical application is described in brief along with their 
impact. 
i. Enzyme in food industry 
Enzymes have been used in food and beverage production for many years for ingredient production 
(ETA, 2001) and yield improvement (Maria et al., 2007; DSM, 2009). Today’s consumers demand 
higher levels of quality in their foods in term of natural flavor and taste not only in US and Europe, but 
also in the developing countries where consumption shifts away from staple sources of calories towards 
life enjoyment. This trend triggered the need for the development of enzymes applications in food 
processing. Food enzymes are mainly used in baking industry, fruit juice and cheese manufacturing, 
functional food and beverages (that contain enzymes) in nutraceuticals industry as well as wine making 
and brewing to improve their flavor, texture, digestibility, and nutritional value (Li et al., 2012).  
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With the increasing request for nutritional aspects, a significant amount of attention has been paid 
to the functionality of foods beyond the primary function of nutrient supply. A recent trend in the food 
industry is to develop functional foods such as prebiotics, low-calorie sweeteners, and rare sugars (Akoh 
et al., 2008). Prebiotics are a dietary substance composed of non-starch polysaccharides and 
oligosaccharides, including maltooligosaccharides, mannooligosaccharides (MOS), 
galactomannoligosaccharides (GMOS), xylooligosaccharides (XOS), galactooligosaccharides (GOS), 
inulin, fructooligosaccharides (FOS).  
However, most of them are not digested well by human enzymes (Figueroa-González et al., 2011). 
According to the Global Industry Analysis (GIA) report, by 2015, the prebiotic market will reach nearly 
$225 million and $1.12 billion in the USA and Europe by 2015, respectively (Panesar et al., 2013). 
With the increasing demands for prebiotics, the food industry has become interested in the use of 
enzymes for high-production yields at low cost and using simple processes. Currently, food enzymes 
commercially available are αα-amylase, endoxylanase, lipase, protease, mannanase, glucoamylases, 
pectinases, cellulases.  
ii. Enzyme in feed industry 
The global market for feed enzymes is a promising segment in the enzyme industry and is expected 
to reach about $730 million in 2015 (Frost and Sullivan, 2007). Feed enzymes can increase the 
digestibility of nutrients, leading to greater efficiency in feed utilization. Also, they can degrade 
unacceptable components in feed, which are otherwise harmful or of little or no value (Choct, 2006). 
Currently, feed enzymes commercially available are mannanase, phytases, proteases, α-galactosidases, 
glucanases, xylanases, α-amylases, and polygalacturonases, mainly used for swine and poultry (Selle 
and Ravindran, 2007). 
iii. Enzyme in technical applications 
Technical enzymes are typically used as bulk enzymes in detergents, textile, pulp and paper 
industries, organic synthesis and renewable energy source such as biofuels industry. Cellulases are 
widely used in textile applications for many years, and again received additional consideration in the 
enzyme market owing to their powerful ability in the degradation of lignocellulosic feedstocks.  
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The cost of cellulases is a significant technical barrier to the conversion of lignocellulosic biomass 
to fuels associated with commercializing processes. Cellulase preparations cost reduction attributed to 
two main strategies: i) economic improvement in production of cellulose by process and strain 
enhancement e.i. cheaper medium and alternative inducer system ii) improvement in the specific 
cellulose performance or activity to reduce grams of enzyme for achieving equivalent hydrolysis by 
cocktails and component improvement. Many companies have devoted themselves to developing new 
cellulose preparations by using genetic techniques and have streamlined production of those enzymes. 
After two generations of Cellic® release in 2009 and 2010, Novozymes launched a new enzyme for 
production of bioethanol from agricultural wastes and residues, called Cellic® Ctec3 in Feb 2012. The 
new enzyme product has been claimed to be 1.5 times better than the previous Novozymes’ Cellic® 
Ctec2 and five times less of enzyme dose compared to competing enzymes to make the same amount 
of ethanol. Cellic® CTec3 could make the cost of cellulosic biofuels to around $ 2.0/gal of ethanol, 
which is competitive with production of corn ethanol and gasoline (Li, et al., 2012). The role of enzymes 
in a broad range of industries applications which was mentioned above is become a major factor that 
contributes towards boosting the growth of the enzymes market in high demand. 
1.2. Global enzyme demand  
Currently, the demand for industrial enzymes is on a continuous rise driven by a growing need, due 
to their wonderful power of enzyme has been harnessed for potential applications in several industries 
(Erickson et al., 2012). The global industrial enzymes market was valued at $7,082 million in 2017, and 
is projected to display a robust growth reach $10,519 million in 2024 and represented by a CAGR of 
5.7% during 2018 to 2024 (Bradshaw, 2018). At present, there are currently around 5500 known 
enzymes (Brenda, 2012), but only 5% are used in 500 commercial products.  
The International Union of Biochemistry and Molecular Biology (IUBMB) classified enzyme into 
six major groups (subclasses), according to the type of reaction they catalyze, such as oxidoreductases, 
transferases, hydrolases, lyases, isomerases and ligases (Jegannathan and Nielsen, 2013). Among other 
classes of enzymes, hydrolases represent the largest class of all known enzymes, whereas enzymes 
hydrolases processes approximately 75% of enzyme market (Fig. 1).  
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Hydrolases are hydrolytic enzymes which classified as EC 3 in the EC number classification of 
enzymes. Examples of common hydrolases include acting on ester bonds (EC 3.1), such as carboxylic 
ester hydrolases (EC 3.1.1): feruloyl esterase (EC 3.1.1.73) and glycosylases (EC 3.2). One of the 
biggest groups of hydrolases is the carbohydrate degrading enzymes (carbohydrases, EC 3.2.1) which 
is dominated the global enzymes market accounting for more than 70% all enzymes sale, such as α-
amylase (EC 3.2.1.1), mannan endo-1,4-β-mannosidase (EC 3.2.1.78), endo-1,4-β-xylanase (EC 
3.2.1.8) which act on starch, cellulose and hemcellulose which are major fundamental carbohydrate 
polymers.  
 
 
Fig. 1 Classes of enzyme and their respective share in market (Faber, 2004) 
 
The world enzyme demand is satisfied by about 12 major producers and 400 minor suppliers (. Major 
enzyme producers are located in Europe, USA and Japan. Denmark is dominating, with major players 
like Novozymes (45%), Danisco (17%), Genencor (USA), DSM (The Netherlands) and BASF 
(Germany). The pace of development in emerging markets suggested that companies from India and 
China can join this restricted party in a very near future (Sarrouh et al., 2012). According to a research 
report from Austrian Federal Environment Agency, about 158 enzymes were used in food industry, 64 
enzymes in technical application and 57 enzymes in feedstuff, of which 24 enzymes are used in three 
industrial sectors (Li et al. 2012).  
12 
 
America will remain the leading consumer of enzymes, while the Asia/Pacific region is for cased to 
surpass Western Europe as the second largest consumer of enzymes (Li et al., 2012). According to 
OBRC analysis Asia-Pacific has the fastest growth rate for global industrial enzyme market for the 
forecast period 2016-2023. Increasing population, expanding food & beverage industry, positive 
economic outlook, expanding middle class population, government initiatives supporting investment in 
biotechnology, are some of the prime factors driving Asia-Pacific industrial enzyme market for the 
forecasted period (Moghe and Durga, 2017). 
The one contribution of the Asia/Pacific regions’ demand is attributed to Indonesia as the size and 
strength of these countries’ economies grow at a high pace. The consumption of industrial enzyme in 
Indonesia is estimated to reach 2500 tons with an import value of about 200 billion in 2017 with an 
average growth rate of 5-7% per annum, but the amount of 99% enzyme for industrial in Indonesia is 
still imported from China, India, Japan and a parts of Europe (Boediono dan Nurita, 2017). Despite of 
the use of several enzymes in industry, the present status is not sufficient to fulfil all industrial and 
biotechnological needs (Adrio and Demain, 2005, Kumar et al., 2013, Adrio and Demain, 2014), 
including in Indonesia. This however possess pressure the need independent in enzyme production, 
especially in Indonesia. Indonesia has the highest level of biodiversity regarding bioresources, including 
of microorganism and biomass feedstock.   
1.3. Biodiversity of bioresources in Indonesia 
Indonesia is a tropical archipelagic country with a complex topography marine biodiversity in the 
world, flanked by the Pacific Ocean and the Indian Ocean that is believed to have the richest of 
terrestrial and marine biodiversity and is also known to be one of the 17 “mega-diverse” countries. 
Indonesia’s biodiversity includes the diversity of living things with their variety of resources, in 
terrestrial, marine and aquatic ecosystems as well as their ecological complexity (LIPI, 2014).  
 As a country with the world’s third largest tropical-rainforest area, it is obvious that Indonesia is rich 
in microbial resources and their value is significant, not only for the prosperity of Indonesian people 
but also for the future humanity, such as a large amount of new species and even new genus are found 
on the study of actinomycetes (Sukara and Lisdiyanti, 2016). 
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 Microorganisms are important to us for many reasons, but one of the principal ones is that they 
produce things of value. The main reasons for the use of microorganisms to produce compounds such 
as enzyme that can otherwise be isolated from plants and animals or synthesized by chemists are: (1) a 
high ratio of surface area to volume, which facilitates the rapid uptake of nutrients required to support 
high rates of metabolism and biosynthesis; (2) a wide variety of reactions that microorganism are 
capable of carrying out; (3) facility to adapt to a large array of different environments, allowing a culture 
to be transplanted from nature to the laboratory flask or the factory fermenter, where it is capable of 
growing on inexpensive carbon and nitrogen source and producing valuable compounds, (4) ease of 
genetic manipulation, both of in vivo and in vitro, to increase production up to thousands-fold, to modify 
structure and activities, and to make entirely new products, (5) simplicity of screening procedures 
allowing thousands of cultures to be examined in a reasonably short time, and (6) a wide diversity, in 
which different species produce somewhat different enzyme catalyzing the same reaction, allowing one 
flexibility with respect to operating conditions in the reactor ( Adrio and, Demain,2005).  
The development of industrial enzymes has depended heavily on the use of microbial sources. The 
effort for microbial resource collection in Indonesia was started in 16th century and the inventory and 
sustainable use of Indonesian microbial resources was started at Treub Laboratory located in Bogor 
Botanical Garden under the leadership of Dr. Melchior Treub (1851-1910). The information on 
diversity of Indonesian microbial resources is continuously being accumulated and now safely 
maintained into the newly established Indonesian Culture Collection (InaCC) (Sukara and Lisdiyanti, 
2016). This effort was provided discovery of valuable microorganism which is contribution to resource 
conservation and development of novel enzyme for industrial application. In addition, the consequences 
of Indonesian as the country has abundant forests and agricultural suppose rich in biodiversity of 
feedstock.  
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1.4. Biodiversity of biomass feedstock for food industry and biorefinery applications 
The biomass feedstock become focus attention many researchers in the world as a main material for 
many kind industry applications right now. Biomass as renewable feedstock for food industry and 
biorefinery can be derived from agricultural products. The important ones are cultivated crops-starch 
crops and sugar crops (Yang et al., 2013). There are two types of biomass feedstock, such as food-based 
feedstock and lignocellulosic feedstock. These biomass feedstock provide diversified precursors, 
mainly starch, sugar, cellulose and hemicelluloses and after being converted by various processes of 
biological, chemical, thermo chemicals and physicals means, a large diversity of functional food, 
fermentable sugar for biorefinery (including transportations fuels), and biobased products are generated 
(Yang et al., 2013). 
Food-based feedstocks mainly high content carbohydrates (starch) which are occur in the seeds, 
roots and tubers of starch crops. Starch crops are a group of plants that photosynthesize the chemical 
energy in a starch form and reserve it in different parts of the plants, such as seeds, tubers or grains of 
some cereals. Although there is a very high biodiversity of starchy crops cultivated throughout the 
world, only some cereal starches (corn and wheat starches) and root and tuber starches (cassava and 
potato) are produced commercially for extensive trading in international markets (Sriroth and 
Piyachomkwan, 2013). Starch is a carbohydrate polymer or polysaccharide consisting solely of glucose 
molecules that are linked together by glycosidic bonds. It is composed of mixture of two types of 
polysaccharides-the linear chained amylase and the branched amylopectin. The ratio between these two 
types of polysaccharides influences the overall properties of the starch, such as viscosity, solubility, gel 
formation, gelatinization, and other physicochemical properties. Starches are naturally produced by 
green plants in the form of minute granules. The average sizes are in microns and vary from species to 
species. The sizes and shapes of granules are major factors that control the accessibility of the enzyme 
into the starch granule and thus regulate the starch hydrolysis process.  
Indonesia has abundant much kind of root and tubers that high content starches, such as cassava, 
black potato, tacca which are most recognized as promising feedstock for functional food poduction. 
High-value products which is rich of nutrients can be produced from cassava, black potato and tacca 
starch. In the functional food process of starch-based feedstock, the materials must be initially cooked 
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to gelatinize the starch in order to increase enzyme hydrolysis efficiency. One stage hydrolysis of starch 
by α-amylase enzyme could produce various maltooligosaccharides with different degrees of 
polymerization.  
Moreover, lignocellulose feedstock is widely available in the form of biological wastes from forest 
industries, energy crops and components of agricultural residues such as straw and grass, coffee bean 
extracts, palm kernel (Moreira and Filho, 2008) or copra meal (Saittagaroon et al., 1983), rice husk, 
corncob, sugarcane bagasse account for the majority of the total biomass present in the world (Kumar 
et al., 2008). Lignocellulosic feedstock is recognized as a potential sustainable source for production of 
functional food, power, biofuels, and a variety of commodity chemicals (Adsul et al., 2011). 
Lignocellulosic plant matter is the most abundant natural material present on earth and is composed of 
four major polymeric building blocks: the polyphenol lignin and three polysaccharides, cellulose, 
hemicellulose and pectin (Glass et al., 2013). Different lignocellulosic plants have a varying 
composition of macromolecules, but the major components are an average of the following order: 
glucan > lignin > xylan > mannan > arabinan > galactan (Yamabhai et al., 2014).  
Mannans and heteromannans polymers are polysaccharides that are widely distributed in nature as 
part of hemicelluloses fraction in hardwoods, softwoods, seeds of leguminous plants, and beans 
(Dhawan and Kaur, 2007). Interestingly, Indonesia has abundant sources of biomass that contain high 
levels of hetero-mannan, such as palm kernel cake, copra cake, porang potato from the bulbs of porang 
(Amorphophallus onchophyllus), and suweg potato from Amorphophallus campanulatus. This fact 
suggests that the production of MOS based on cheapest mannan-rich biomass can be exactly relized. 
Therefore, the potential of mannan polymers from these biomass in Indonesia have received an 
industrial focus, such as the food and feed industry. 
Moreover, xylans are the main hemicelluloses in hard wood and they also predominate in annual 
plants and cereals making up to 30% of the cell wall material and one of the major constituents (25–
35%) of lignocellulosic materials. The most potential sources of xylans include many agricultural crops 
such as sugarcane, straw, sorghum, corn stalks and cobs, and hulls and husks from starch production, 
as well as forest and pulping waste products from hardwoods and softwoods (Ebringerova and Heinze, 
2000; Kayserilioglu et al., 2003). Indonesia has abundance lignocelluloses biomasses containing high 
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hetero-xylan, such as plantation residues (sugarcane bagasse and empty fruit bunch) and agricultural 
residue such as, rice straw. Sugarcane bagasse and empty fruit bunch are considered the most valuable 
residue from first generation ethanol and sugar production, which can potentially be used to generate 
some value added products such as, xylooligosaccharides, chemicals, and feed sugars, mainly in 
countries that produce large amounts of this type of agro industrial waste (Bragatto et al., 2013). 
Whereas, utilization of rice straw still limited for cleaning supplies, crafts, mushroom growing media, 
roofs and burned as fertilizer on the farm. Burning of rice straw produced CO2, CO and Cox (GHG) 
into the atmospheres that contribute to global warming (global warming) and respiratory diseases for 
farmers. These biomass is the hemicellulose has been reported as mainly composed by xylan 
polysaccharides and it is considered an excellent substrate to generate some high value products. 
Utilization of their hetero-xylan biomass by using the enzymatic conversion could potentially be an 
appropriate starting material for production of xylose, glucose and xylooligosaccharides (XOs). 
Sugarcane bagasse which contains rich of hemicellulose xylan are the abundant of agro-residue in 
tropical countries such as Indonesia Hydrolases will remain the leading enzymes to hydrolyze food-
based feedstock and lignocellulosic feedstock in the next few years to cater to the needs of functional 
food production in food industry and also fermentable sugar for biorefinery applications. Therefore, 
one strategy that are being implemented is to discover new enzymes, especially hydrolases enzymes by 
screening from bioresources in Indonesia, especially from marine bacteria and rare-actinomycetes.  
1.5. Discovering enzyme from Indonesia Bioresources 
The discovery of novel enzymes which work optimally at specific conditions provide valuable 
functions is challenging for many industries, including food industry and biorefinery applications 
(Jones, 2007). Its require high performance enzymes with specific characteristics, which will stimulate 
research to explore new avenues to overcome their weaknesses. Some of the strategies in the field are 
exploiting novel enzymes from nature have provided valuable candidates for the biocatalytic processes 
(Li et al., 2012). Natural microorganisms have over the years been a great source of enzyme diversity 
(Kirk et al., 2002). Marine microbe research is rarely done in Indonesia. Indonesia is a country which 
has tropical marine conditions that has plenty of tropical marine indigenous microbe biodiversity is very 
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broad and has a different character with soil microbes, especially the character of the resulting 
enzymes. Indonesia has unique marine tropical sea tends to be a high temperature.  
In this study, we focus on marine bacteria and actinomycetes. Strategy discovery and development new 
enzyme is big challenging in Indonesia shown in Fig. 2 
 
 
Fig. 2 Strategy discovery and development of new enzymes is big challenging in Indonesia 
 
The second chapter of this work explores the strains, exhibiting high amylase (Brevibacterium. sp) 
with the production of maltooligosaccharide was screened from marine bacteria. This enzyme then was 
used for the enzymatically processed of Cassava (Manihot esculenta), Black potato (Coloues tuberosus) 
and Tacca (Tacca leontopetaloides) starch into variety of different products oligosaccharides such as 
maltooligosaccharides. The development of these starch as a source of maltooligosaccharides becomes 
an alternative source of prebiotics, which may lead to the development of a new food ingredient, thus 
it may promote the economic growth of cassava, black potato and tacca starch.  
Fortunately, Indonesia is also rich in terrestial microbes, particularly in actinomycetes. To date, no 
natural microorganism has served as an ideal enzyme for lignocellulosic biomass hydrolysis. 
Actinomycetes are gram positive filamentous bacteria widely cited in the literature as producers of 
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important industrial enzymes involved in lignocelluloses degradation (Flores et al., 1997). 
Actinomycetes produce extracellular enzymes that can decompose different types of substrates, and 
some enzymes from actinomycetes can be employed as important enzyme accessories in industrial 
processes, such as mannanase, cellulase, xylanase, pectinase, protease, and chitinase (Prakash et al., 
2013). Characterization of novel actinomycetes that are capable of producing high-level hemicellulase 
seems a suitable starting point for improvments in the hydrolysis of cellulose and hemicellulose. 
Besides that, some strategy was conducted for improving special hydrolysis characterization by the 
construction of engineering microorganisms, but the heterologous expression of novel hemicellulases 
still remains a considerable concern (Wu et al., 2017). 
Many mannanase and xylanase genes have been identified in bacteria, fungi and actinomycetes. 
Most of the protein from actinobacteria was found in the insoluble fraction of the bacterial cell lysate 
in inclusion bodies when they were heterologously expressed in E. coli (Delgado et al., 2010, Cruz et 
al., 2016). Streptomyces lividans may be the preferred host for proper folding and efficient secretion of 
active enzymes, whereas their use as a production hosts could overcome some of the problems 
encountered with other systems, such as they do not readily form inclusion bodies, a relatively low level 
of extracellular protease activity, the relatively established transformation system, well suited to 
expressing GC-rich genes, high copy number expression vectors derived from pIJ101 plasmid, and a 
high secretion capacity (Sevillano et al., 2016, Kashiwagi et al., 2017).  
Several scientists have reported that actinomycetes isolated from Indonesian soils and leaf-litters 
represent new species and demonstrate the genus diversity (for example, Otoguro et al., 2009; Otoguro 
et al., 2011; Lisdiyanti et al., 2010). Accordingly, there are two impacts using β-mannanases from these 
actinomycetes for the industrial production of MOS; the first is the possibility to obtain many kinds of 
β-mannanases with varied enzymatic properties due to the varieties of actinomycetes strains, and the 
second is the high potential production of varied MOS from mannan polymers due to the readiness of 
many kinds of β-mannanases with a broad substrate specificity. So, in the third chapter, a strain, 
exhibiting high mannanase activity with the production of oligomannan, was screened among 
actinomycetes strains isolated in Indonesia. Then, a β-mannanase was cloned and characterized from 
the strain. The β-mannanase showed favorable enzymatic characteristics, such as the high hydrolysis 
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activity and the production of oligosaccharides from various mannan including raw mannan polymers. 
These properties suggest the potential utilization of the ManKs_4-555 (or also the mother strain) for 
basic and applied research in biodegradation of raw mannan biomass and prebiotics.  
Multifunctional xylanolytic enzyme systems are also ubiquitous among fungi, actinomycetes and 
bacteria. There is great interest in exploring the biodiversity of actinomycetes for use as xylanase 
producer and additional auxiliary enzymes that could be added to commercial cellulases to XOS 
production and to improve biomass degradation. As they have been recognized as dominant xylanolytic 
species during several processes for biomass transformation, their enzyme may find new applications 
in the pulp and paper industries and textile industries, XOS production and in the recovery of 
fermentable sugars from hemicelluloses (Belfaquih and Penninckx, 2000).  
In the fourth chapter, the high xylanase activity of Kitasatospora sp. and the first description of 
feruloyl esterase activity from the genus Nonomuraea was screened from among actinomycetes strains 
isolated in Indonesia. Genetic engineering is regarded as a promising strategy for further improvement 
of enzyme in related to their ability for functional food production. So, in the present work also was 
reported the heterologous expression high activity of two endo-1,4-β-xylanase (GH-10 and GH-11) 
from the selected strain in Streptomyces lividans, and the biochemical properties were also investigated. 
To further explore the hydrolytic activity from these enzymes to commercial and complex substrate, 
alkali extracted xylan of sugarcane bagasse for simple co-production XOS and xylose without inhibits 
XOS production was also investigated. 
Furthermore, for biorefinery applications, the high cost of the enzymes required for enzymatic 
hydrolysis is the single greatest contributor to the overall cost of lignocellulosic ethanol production. 
Making this technology economically feasible will require a reduction to the overall cost of the process 
in the contribution of the enzymes (Klein-Marcuschamer et al., 2012). The development of optimized 
enzymatic cocktails containing novel and more stable enzymes, such as accessory enzymes that enable 
greater utilization of biomass, could increase the yield of fermentable sugars from biomass and also 
enhance the efficiency of enzymatic hydrolysis, thereby creating a process that would be commercially 
viable (Pinheiro et al., 2017). 
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In fifth chapter, the high xylanase activity of Kitasatospora sp. (ID06-480 strain) and the first 
description of feruloyl esterase activity from the genus Nonomuraea (ID06-094 strain) from the selected 
strains were applied to hydrolyze of sugarcane bagasse to produce fermentable sugars. The effect of 
additions of crude enzyme supernatant from the ID06-480 strain alone, ID06-094 alone, as well as a 
combination of both to reaction with low loading CTec2 (1 FPU/g-biomass) could significantly increase 
glucose and reducing sugar releases during sugarcane bagasse hydrolysis. The combination of the crude 
enzyme supernatant from ID06-480 and ID06-094 strains resulted in a significant increase compared 
with the addition CTec2 alone in the sugar yield during sugarcane bagasse hydrolysis, from 14.4 to 
60.5% (w/w). This strategy is potential to reduce significantly the use of commercial enzymes as needed 
for biomass hydrolysis in the production of fermentable sugars.  
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Synopsis 
 
Chapter 2. 
Amylase from Marine Bacteria for Food Industry 
Indonesia is a country which has tropical marine conditions that has plenty of tropical marine 
indigenous microbe biodiversity is very broad and has a different character with soil microbes, 
especially the character of the resulting enzymes. The strain, exhibiting high amylase (Brevibacterium. 
sp) with the production of maltooligosaccharide was screened from marine bacteria. This enzyme then 
was used for the enzymatically processed of starch from various indigenous tubers in Indonesia into 
variety of different products oligosaccharides such as maltooligosaccharides.  
Major tubers which are popular and much cultivated in Indonesia today were cassava (Manihot 
esculenta) and sweet potato, whereas minor tuber, such as black potato (Coloues tuberosus) and tacca 
potatoe (Tacca leontopetaloides) were not much widely known to the public in Indonesia. Characteristic 
the physic-chemical of indigenous tuber starch such as cassava, black potato, tacca potatoes has been 
conducted for maltooligosaccharide production. Carbohydrates of cassava, black potato, and tacca can 
be enzymatically hydrolyzed into small oligosaccharides that can be used as a material for functional 
food components production. Maltooligosaccharides were produced from cassava, black potato and 
tacca starch indigenous Indonesia with high quality using amylase from Brevibacterium sp. from marine 
bacterium. The hydrolysis products of cassava starch cultivated variety Kuning were 
maltooligosaccharides mixture, yielding maltose, maltotriose, maltotetraose, maltopentaose. The results 
of maltooligosaccharides analysis using thin layer chromatography (TLC) showed that the type of 
maltooligosaccharides formed on hydrolysis the FEC 25 cassava starch are glucose, maltose and 
maltotriosa, while Roti cassava starch are glucose, maltose, maltotriose, and maltopentaose. Results of 
analysis of maltooligosaccharides black potato starch using thin layer chromatography (TLC) showed 
the type maltooligosaccharides formed were glucose, maltose, maltotriose. The main product of 
enzymatic hydrolysis of Hutan Jati Tacca starch variety cultivar was maltotriose and maltotetraose. 
Considering the result of psycho-chemically characteristic and the product of maltooligosaccharides 
from cassava, black potato and tacca Hutan Jati tuber starch variety cultivar, which is presented in this 
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work, may be considered as a potential, strong candidates for future applications as a source of 
maltooligosaccharide production, especially maltotriose and maltotetraose in functional food industry.  
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Chapter 3.  
 
Mannanase from Indonesian Bioresources for Food Industry 
 
Mannan endo-1,4-β-mannosidase (commonly known as β-mannanase) catalyzes a random cleavage of 
the β-D-1,4-mannopyranosyl linkage in mannan polymers. The enzyme has been utilized on biofuel 
production from lignocellulose biomass, as well as on production of mannooligosaccharides (MOS) for 
applications in feed and food industries. We aimed to obtain aβ-mannanase, for such mannan polymer 
utilization, from actinomycetes strains isolated in Indonesia. The strains exhibiting high mannanase 
activity were screened, and one strain that belongs to the genus Kitasatospora was selected. We 
obtained a β-mannanase from the strain, and an amino acid sequence of the β-mannanase showed a 58-
71% similarity with the amino acid sequencesofStreptomycesβ-mannanases. The β-mannanase showed 
a significant level of activity (944 U/mg) against locust bean gum (0.5% w/v) and a potential of the 
oligosaccharides production from various mannan polymers. The β-mannanase might be beneficial 
particularly inthe enzymatic production of MOSforapplications of mannan utilization.  
 
Keywords: Mannan endo-1,4-β-mannosidase, Mannooligosaccharides (MOS), Screening, 
Kitasatospora sp., Streptomyces lividans 1326  
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Chapter 4.  
 
Xylanase from Indonesia Bioresources for Food Industry 
The high xylanase activity of Kitasatospora sp. and the first description of feruloyl esterase 
activity from the genus Nonomuraea was screened from among actinomycetes strains isolated in 
Indonesia. Xylanase from wild type the ID06-480, Kitasatospora sp.  shows high biotechnological 
potential as good candidates with interesting properties towards the industrialization of the co-
production of xylose and XOS based on low-cost feedstock.  Genetic engineering of the endoxylanase 
encoding gene is a promising strategy for enhancing enzyme production and realizing the reduction of 
costs for biorefinery applications.  
In the present work, a high level of heterologous expression of two forms of endo-1,4-β-
xylanase was conducted in S. lividans. A novel strategy for the low-cost, high-yield co-production of 
xylose and probiotic xylooligosaccharides together with no xylose inhibition was developed using a 
novel heterologous expression of XYN10Ks_480 endo-1,4-β-xylanase and XYN11Ks_480 endo-1,4-
β-xylanase from the Kitasatospora sp in an actinomycetes expression system. Our findings 
demonstrated high levels of expression and catalytic activity for XYN10Ks_480 during hydrolysis of 
the extracted xylan of bagasse, and three types of xylan-based substrates were used to produce xylose 
and xylooligosaccharides. However, hydrolysis by XYN11Ks_480 produced xylooligosaccharides 
without xylose formation. This study demonstrated how integrating sodium hypochlorite-extracted 
xylan and enzymatic hydrolysis could provide an alternative strategy for the generation of XOS from 
lignocellulosic material as prebiotic precursors for the preparation of bioethanol, xylitol, succinic acid, 
and other chemicals. A particularly interesting aspect of this strategy was the similar manner in which 
xylose and XOS could be obtained by using the sodium hypochlorite-extracted xylan from bagasse 
compared with the use of commercial xylan.  To the best of our knowledge, this is first report where 
one strain, Kitasatospora sp., was used to produce two types of enzymes with different catalytic 
properties and both enzymes could produce either XOS and xylose or XOS alone.  
Keywords: GH family 10 endo-1,4-β-xylanase, GH Family 11 Endo xylanase, Kitasatospora sp., 
Streptomyces lividans 1326, Xylooligosaccharides 
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Chapter 5.  
 
Xylanase and Feruloyl Esterase from Indonesia Bioresources for Biorefinary applications 
 
The addition of enzymes that are capable of degrading hemicellulose has a potential to reduce the need 
for commercial enzymes during biomass hydrolysis in the production of fermentable sugars. In this 
study, a high xylanase producing actinomycete strain (Kitasatospora sp. ID06-480) and the first ethyl 
ferulate producing actinomycete strain (Nonomuraea sp. ID06-094) were selected from 797 
actinomycetes, respectively, which were isolated in Indonesia. The addition (30%, v/v) of a crude 
enzyme supernatant from the selected strains in sugarcane bagasse hydrolysis with low-level loading (1 
FPU/g-biomass) of Cellic® CTec2 enhanced both the released amount of glucose and reducing sugars. 
When the reaction with Ctec2 was combined with crude enzymes containing either xylanase or feruloyl 
esterase, high conversion yield of glucose from cellulose at 60.5% could be achieved after 72 h-
saccharification. 
 
Keywords: actinomycetes, xylanase, feruloyl esterase, sugarcane bagasse, fermentable sugars 
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Chapter 2 
Amylase from marine bacteria for food industry 
2.1. Introduction 
Starch degrading enzymes like amylase have received great deal of attention because of their 
perceived technological significance and economic benefits. The amylases are one of the most 
important families of enzymes in the field of biotechnology, especially has been in starch food 
processing industries to breakdown polysaccharides, such as starch to simple sugars like glucose, 
maltose, dextrin and oligosaccharides (Mitchell and Lonsane, 1990; Akpan et al., 1999). They are 
mainly employed for starch liquefaction to reduce their viscosity, production of maltose, 
oligosaccharide mixtures, high fructose syrup and maltotetraose syrup (Soniyanby et al., 2011). 
Amylase with industrially desirable characteristics, such as wide range pH and salt stability (Al-quadan 
et al., 2009) and the capability to breakdown raw starch at room temperature are of almost important.  
Amylases could be sourced from microorganisms (bacteria and fungi) both from the terrestrial or 
marine area and plants. Some bacteria and fungi have been reported produce amylase with ability to 
synthesize the maltooligosaccharides, MOS from starch, such as small maltooligosaccharides (D2-D4) 
were formed more predominantly than larger maltooligosaccharides (D5–D7) by Bacillus subtilis 
KCC103 (Nagarajan et al., 2006), amylase from moderately halophilic Marinobacter sp. EMB8 
efficiently hydrolyzed starch into maltooligosaccharides rich in maltotriose and maltotetraose (Kumar 
and Khare, 2012). Sahnan et al., (2012) reported maltose and maltotriose as major starch hydrolysis end 
products from Aspergillus oryzae strain S2, the formation of very high levels of maltotetraose from 
starch (98%, w/w) by Pseudomonas stutzeri AS22 was reported by Maalej et al., 2014, oligosaccharide 
compositions ranging from glucose (DP1) to maltoheptaose (DP7) produced from white and pigmented 
sorghum starch (Sorghum bicolor (L.) Moench) by fungal (Aspergillus Oryzae) and bacterial (Bacillus 
Subtilis) α-amylase (Boudries et al.,2015). 
Starch is the major storage polysaccharides in cereal grains, grain legumes, many roots and tuber 
(vander Maarel et al.,2002; Belitz et al.,2004). Starch is composed of two glucose polymers, amylose 
and amylopectin. Amylose is a linear a-(14) glucose chain with a plant-specific degree of 
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polymerization of 200–6000. Amylopectin consists of short linear a-(14) linked chains with a-(16) 
linked side chains (vander Maarel et al., 2002). Major tubers which are popular and much cultivated in 
Indonesia to day were cassava, sweet potato, whereas minor tuber, such as black potatoes and tacca 
potatoes were not much widely known to the public in Indonesia. 
Cassava (Manihot esculenta) is a tropical root crop, originally from Amazonia that provides the 
staple food of an estimated 800 million people worldwide. Grown almost exclusively by low income, 
small holder farmers, one of the few staple crops that can be produced efficiently on a small scale, 
without the need of mechanization or purchased inputs. Cassava production at Asia around 93 million 
tons, whereas most popular especially at the most rural areas in Indonesia either consumed directly or 
as a main raw material (starch) in various industry. Indonesia is the fourth country which largest 
producer cassava in the world after Nigeria, Brazil and Thailand in 2010 (Angelucci et al., 2013). 
Production cassava in Indonesia reach 23 million ton in 2012 (FAO, 2013). Cassava is the second 
biggest source of starch, after maize, with production estimated at 8 million tons a year. Starch from 
cassava is the main ingredient in a number of industrial textiles, paper, pharmaceuticals and food. 
Black potato tubers were only known by a small population in Java, Bali and Madura Islands (Heyne, 
1987) were used as directly a food source. The use of black potato tubers as processed foodstuffs is still 
limited until now. 
Tacca (Tacca leontopetaloides) is one of minor carbohydrates which can be found in the coastal and 
high salinity areas in Indonesia, such as in the coastal area of South Garut with the local name of 
Jalawure, and in the district of Talaud Islands, especially Nanusa District, North Sulawesi under the 
local name Anuwun. Tacca tuber cannot be consumed directly because the tubers contain a bitter taste 
of Taccaline. In addition, scientific information for optimal utilization of Tacca tuber is still very limited 
due to the limited data of basic knowledge on its physic-chemical and functional properties.  
The utilization and processing of tuber become foodstuffs depends on starch characteristic that 
contained in each of the tuber. There are many advantages of utilizing cassava, black potato, and tacca 
tubers for starch production. Cassava offers a relatively cheap source of raw material containing a high 
concentration of starch (dry matter basis) that can match or better the properties offered by other 
starches (maize. wheat, sweet potato and rice). Cassava starch is easy to extract using a simple process 
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(when compared to other starches) that can be carried out on a small-scale with limited capital. In 
addition, cassava starch has a high level of purity due to the low levels of proteins and lipids found in 
cassava roots (FAO). The enzymatically processed of cassava, black potato and tacca starch into variety 
of different products oligosaccharides such as maltooligosaccharides has not been much explored in 
Indonesia. The development of these starch as a source of maltooligosaccharides becomes an alternative 
source of prebiotics, which may lead to the development of a new food ingredient, thus it may promote 
the economic growth of cassava, black potato and tacca starch.  
Presently, there is a great deal of interest in the use of prebiotic oligosaccharides as functional food 
ingredients to manipulate the composition of colonic microflora in order to improve host health. 
Prebiotic oligosaccharides stimulate the growth and the colonization of probiotic bacteria, non-
pathogenic organisms which are beneficial to health when ingested (Rastall and Maitin, 2002).  
In general, food grade oligosaccharides are mixtures of oligosaccharides with different DP including 
disaccharides and monosaccharides. These mixtures have different properties depending on the profile 
of oligosaccharides which they are composed.  Saccharides with high molecular weight affect the 
solubility and solution stability, while those with low molecular weight affect fermentability, viscosity, 
sweet power, humectancy and crystallisation. They are applied as coating agents, fat replacers, viscosity 
providers and flavour carriers; besides, they prevent sucrose crystallisation and have antistaling effect 
on bread (Nagarajan et al., 2006, Marchal et al., 1999, Placido et al., 2005). 
Various kinds of oligosaccharides have been developed from raw materials such as starch, xylan, 
inulin, fructose, mannan, etc (Szerman et al., 2007, Akpinar et al., 2009, Silva et al., 2013). They can 
be extracted or obtained by enzymatic hydrolysis from a variety of biomass sources or synthesized from 
simple oligosaccharides by enzymatic transfer reactions (Rastall, 2010).There are various kinds of 
oligosaccharides produced by starch as a raw material, such as maltooligosaccharides (maltose, 
maltotriose, maltotetraose, maltopentaose and maltoheptaose), isomaltooligosaccharides (isomaltose, 
panose, isomaltotriose), cyclodextrins (CDs) (α-CD, β-CD, γ-CD, HP- β-CD, branched CDs), maltitol, 
gentiooligosaccharides, trehalose and nigerose. Production of starch oligosaccharides in Japan reaches 
the highest level along with sales amount compared with other oligosaccharides, for example production 
of maltooligosaccharides achieves 15,000 metric tons/year (Nakakuki, 2002). By definition, 
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maltooligosaccharides are oligosaccharides which have α-1.4 glucosidic linkage with 2 to 10 
glucopyranosyl units (Nakakui, 2005). 
Among the less frequently used starches, cassava starch is a good raw material because it has a high 
content of amylopectin and a low liquefaction temperature (Fennema, 1996). Processing of cassava, 
black potato and tacca starch for production of functional food components such as 
maltooligosaccharides is one of the most promising value adding activities given the high favorable 
price as opposed to fresh roots. Analysis characteristics of physic-chemical of starch from cassava, 
black potatoes and tacca tubers were important to develop processing of foodstuff product and its 
derivatives that potential for food functional application. Starch from tubers can be used as a material 
for maltooligosaccharides production. The use of cassava, black potatoes and tacca tubers as a material 
for maltooligosaccharide production is one of the current challenges for increasing both of the value of 
cassava, black potatoes and tacca tubers and also for human nutrition. 
Maltooligosaccharides (MOS) is one of oligosaccharide that has important industrial applications 
due to their high viscosity, water holding capacity and crystallization inhibition properties (Palacios et 
al., 2004). They can be obtained by enzymatic hydrolysis from a variety of starch. 
Maltooligosaccharides are composed of 2 - 10 units of α - D-glucopyranose linked by an α-1,4 bond 
(Min et al., 1998). Linear maltooligosaccharides (MOS),  are defined  by  the  International  Union  of  
Pure  and  Applied  Chemistry as  polymers  of  monosaccharides  with  degree  of  polymerization (DP)  
between  3  and  10 (Gaston et al., 2012), However,  DP  up  to  20–25  are  often consider  as  MOS 
(Barreteau et al., 2006). 
There are many methods developed for the production of maltooligosaccharides. They are produced 
commercially from starch by the action of debranching enzymes such as pullulanase (EC3.2.1.41) and 
isoamylase (EC 3.2.1.68) and controlled hydrolysis by various α-amylases. These α-amylases have 
differing reaction specificities and can be used to produce syrups that are rich in maltooligosaccgarides 
of different chain lengths (Crittenden and Playne, 1996).  
Interest in the use of maltooligosaccharides in a number of food industries has grown in recent years, 
as biopreservatives, functional foods and significant component in many food products (Crittenden and 
Playne, 1996; Barreteau et al., 2006). Maltooligosaccharides have been used as a low sweetener, anti-
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hygroscopic agent, truncating agent, or humectant (Lee at al., 2003). Various kinds of 
maltooligosaccharides-containing syrups (maltose ~ maltopentaose) having low sweetness. They impart 
resistance to retrogradation of starch gel and prevent the crystallization of sucrose. Their reduced 
browning tendency results in the improvement of heat stability. They have begun to be used as property 
enhancers for various foods, powdering materials, saccharides for dry milk, liquid diets for patients, 
and viscosity increasing agents for refreshing drinks (Nakakuki, 2005). In bakery processes 
maltooligosaccharides are produced by enzymatic hydrolysis of starch by α-amylase was found to 
reduce retrogradation which can be of practical importance for bakery products (Smits et al., 2003). 
In this research, we screening of the best marine microbe for amylase producing, optimization 
production and characterization of crude amylase enzyme were isolated from Kamal Island, Indonesia 
and used this amylase for maltooligosaccharide production from Indonesia tubers such as cassava, black 
potatoes and tacca tubers. To achieve this goal, first step is screening, producing and characterizing of 
amylase from marine bacteria, the second is to extraction and characterization of starch from cassava 
and black potato, the third is to determine the optimum conditions for enzymatic hydrolysis important 
source of starch, namely cassava, black potato (Coloues tuberosus) and tacca (Tacca leontopetaloides) 
starch as a raw material for producing maltooligosaccharides and analysis of maltooligosaccharides 
profiles by thin layer chromatography (TLC). The factors that could be expected to influence the action 
process was analyzed and the optimum conditions, i.e. substrate concentration (%w/v), the ratio of α-
amylase and starch (v/v) and optimum enzymatic hydrolysis reaction time (hours) were determined. 
 
2.2. Materials and methods 
2.2.1. Strains, materials, and chemicals 
Marine bacteria, 59 isolates were isolated from Kamal Island collection of Biocatalyst and 
Fermentation Laboratory. Samples of cassava which harvested in nine months were provided by 
Laboratory of Plant Molecular Genetics and Biosynthetic Pathway Alteration, Research Center for 
Biotechnology-LIPI. Black potato varieties 3.2 which resulted from tissue culture of black potato from 
Sangian area, East Java was used in this study provided by Cell and Tissue Culture Laboratory, 
Research Center for Biology, LIPI. Tacca tubers consist of three variety cultivars, namely Hutan Jati, 
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Pulau Katang and Gunung Batur variety cultivars were provided by Laboratory of Plant Cell and Tissue 
Culture, Research Center for Biotechnology, LIPI, Cibinong, Bogor. 
2.2.2. Screening and identification of starch degrading bacteria 
Strains were inoculated on Artificial Sea Water (ASW) agar plate medium containing starch 0.5%. 
After culture on 30oC for two days, the strains were staining by using potassium iodine-iodine solutions 
(5.0 g potassium iodine and 1.0 g iodine in 330 mL of distilled water) to visualize the hydrolysis zones. 
We get six isolates which potential to produce the amylase enzyme. We choose two isolate (KWD15 
and KWPH18) from these isolates to quantitative analysis for identification the best isolate for amylase 
producing.  
The quantitative analysis of selected isolates (KWD15 and KWPH18) were conducted by cultured 
on basal medium (1 L) which consisted of 38 g ASW, 1 g yeast extract, 5 g pepton and 1,5% starch in 
a 300 mL Erlenmeyer flask and was sterilized at 120oC for 15 min. The fermentation was carried out 
on a rotary shaker at 30oC and 150 rpm for 10 days. Culture sampling was done every day. The crude 
extract amylase enzyme was harvested from culture by centrifugation at a speed relative centrifugal 
(RCF) 6764×g for 15min 4°C. Enzyme extraction (supernatant) were the analyzed enzyme activity.  
The molecular identification of the KWPH18 strain was conducted based on the 16S rDNA gene. 
The 16S rDNA was amplified by PCR by using 9F primer/forward 5’- GAGTTTGATCCTGGCTCAG-
3’) and 1510R primer/reverse (5’-GGCTACCTTGTTACGACT-3’). The amplification was conducted 
with reaction condition of PCR are 95oC 2 minutes (1 cycle), 95oC 30 second – 65oC 1 minute – 72oC 
2 minutes (10 cycles), 95oC 30 second – 55oC 1 minute – 72oC, 2 minutes (30 cycles), 72oC 2 minutes 
(1 cycle), and 4oC to terminate amplification process. The sequence was confirmed via ABI3130DNA 
sequencer (Applied Biosystems, Foster City, CA, USA), and then compared with others available in 
the GenBank/DDBJ/EMBL database using multiple sequence alignment (ClustalW). The phylogenetic 
tree reconstruction conducted with software MEGA5 by using Neighbor-joining method, 2000 
replicates bootstrap for statistical analysis, and substitution model Maximum Composite Likelihood. 
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2.2.3. Optimization of production and characterization of crude amylase from selected isolates 
We have been done the substrate medium concentration optimization with various concentration of 
starch are 0.5; 1; 1.5; 2 and 2.5 % in the early research. The organism was cultivated in a 300 mL 
Erlenmeyer flask with a working volume of 125 mL by each substrate concentration for ten days. 
Submerged batch culture was carried out with agitation (150 rpm) at room temperature (30°C). 
Sampling has been done every 24 hours. The effect of each substrate concentration was determined as 
earlier described.  
After we get the best substrate concentration, we have done the media pH optimization. The range 
pH media are 4, 5, 6, 7, 8, 9 and 10. The organism was cultivated in a 300 mL Erlenmeyer flask with a 
working volume of 125 mL by each pH for eight days. The initial medium pH was adjusted to each pH 
by HCl or NaOH throughout the work. Submerged batch culture was carried out with agitation (150 
rpm) at room temperature (30°C). Sampling has been done every 24 hours. The effect of each pH was 
determined as earlier described. 
Characterization of the crude amylase enzyme including of pH and temperature optimum on amylase 
activity. The effect of pH on the crude amylase activity was determined using 0.5 % starch suspended 
in buffers consisting of sodium citrate (pH 4- 5), sodium phosphate (pH 6 - 8) and Glycine -NaOH (pH 
9 - 10) at 0.02 M. The effect of temperature on the crude amylase activity was assayed at temperature 
values ranging from 30o C to 90o C. The reaction mixture contained 0.5 mL of the crude enzyme, 0.5 
mL of starch (0.5 % w/v) buffered with 0.02 M phosphate buffer (pH 6.6). This was incubated for 30 
min at each chosen temperature. Amylase activities at the different conditions studied were determined 
as described earlier. 
2.2.4. Crude extracts amylase assay (Bernfeld, 1955) 
Amylaseactivitywas assayed by incubating0.5mL ofenzyme solution with0.5mL 
ofstarchsolution0.5% (w/v) (Merck) prepared inphosphatebufferpH6.6(0.02 M) at 30oC for 30 min. The 
reaction was stoppedbyimmersing test tubes containingthesamplesinboiling water at 100°Cfor 20min 
and cooling in ice. Colorformedwas measuredwith a spectrophotometerat λ 540nm. One enzyme unit 
was defined as the amounts of enzyme responsible for the production of 1 mM maltooligosaccharides 
per min under the above conditions.  
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2.2.5. Extraction and physic-chemical analysis of tubers starch from Indigenous Indonesia  
The cassava, black potato and tacca tubers starch were extracted to be obtained in the form of cassava 
and black potato tuber starch powder and analyzed physic-chemical properties. The starches were 
extracted from fresh cassava and black potatoes tubers through the stages of the process, such as 
stripping, washing, grater, extraction, filtration, precipitation, drying, and sieving. Fresh cassava from 
four varieties cultivar and black potato varieties 3.2 tubers were peeled and washed by using manually 
to clean tubers from soil and the other dirt. The tuber was shredded using grater machine and then starch 
extracted by added water with a ratio of material and water was 3.5: 1. Furthermore, the filtering has 
been done to separate the starch from the residue. Residue obtained from the screening process again 
extracted 5 times with the same ratio of the water addition and precipitation on night. After precipitation, 
the supernatant was removed until the only remaining part of the wet starch deposition. Furthermore, 
drying starch obtained using the sun. Starches continue were crushed with mortar and then continue to 
the sifting process to obtain a uniform particle size using a filter pore size of 50 meshes. Finally, starch 
obtained from these varieties cultivar was weighed and subsequently for next analyzed. 
Proximate analysis including of moisture, protein, lipid ash and crude fiber contents of the isolated 
starches were determined using the approved methods of AOAC (1984). Physic-chemically analysis 
consist of carbohydrate content (by different), amylose, amylopectin, viscosity, starch digestibility, 
water and oil absorptions. The amylose content was determined by the iodine blue complex method of 
Sowbhagya and Bhattacharya (1979) using a solution of 0.2% iodine in 2% potassium iodide. The 
digestibility of starch was performed by in vitro using methods developed by Muchtadi (1992). The 
purity of the isolated cassava and black potato starch was further checked by scanning electron 
microscopy (SEM) following the method described by Tharanathan and Ramadas Bhat (1988).  
2.2.6. Enzymatic hydrolysis optimization of the FEC 25, Roti and Kuning cassava starch variety 
cultivar for maltooligosaccharide production 
Enzymatic hydrolysis was carried out under various conditions, such as diverse substrate 
concentrations (w/v) 1.5, 3, 4.5, 6 and 7.5%, comparison of substrate (mL) with enzyme (mL) ratio 
(v/v) 1:10 (1 mL substrate : 23 U amylase), 1:5 (1 mL substrate : 11.5 U amylase), 1:2 (1 mL substrate 
: 4.6 U amylase), and 1:1 (1 mL substrate : 2.3 U amylase),sodium phosphate buffer pH 6.6, and the 
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enzymatic hydrolysis reaction time (hour’s to-1, 2, 4, 6, and 8) for Kuning, FEC 25 and Roti variety 
cultivar. Whereas we add temperature reaction (30, 40 and 50oC) for Roti and FEC 25 cassava starch 
variety cultivar. Amylase enzyme was used in this analysis from marine bacterium, Brevibacterium sp. 
with enzyme activity 2.3 U/mL. Reactions were carried out in 100 mL Erlenmeyer flasks containing 20 
mL of reaction mixtures in a rotary shaker (Stuart orbital incubator S1500, Staffordshire, United 
Kingdom) at room temperature. Samples were taken at regular intervals (after 1, 2, 4, 6, and 8h) and 
stopped by heating the samples in boiling water bath for 10 min. All experiments were carried out three 
times replications. 
2.2.7. Optimization of enzymatic hydrolysis conditions of black potato starch varieties 3.2 
Optimizations of enzymatic hydrolysis were carried out under various conditions, such as the 
substrate concentrations (w/v) 1, 2.5, and5%, enzyme-substrate ratio(v/v) 1:10, 1:5, 1:2, and 1:1, and 
the enzymatic hydrolysis is reaction time (hour’s to-1, 2, 4, 6, and 8). Reactions were carried in 100 mL 
Erlenmeyer flask containing 20 mL of reaction mixtures in rotary shaker at room temperature. Samples 
were taken at regular intervals (hour’s to-1, 2, 4, 6, and 8) and the reactions were stopped by heating 
the reaction mixtures in a boiling water bath for 10 min.  
2.2.8. Enzymatic hydrolysis optimization of Tacca (Tacca leontopetaloides) starch  
Enzymatic hydrolysis was carried out under various conditions, such as various substrate 
concentrations (w/v) 1.5, 3, 4.5, 6 and 7.5%, the ratio of enzyme-substrate (v/v) 1:10, 1:5, 1:2, and 1:1, 
and the reaction time (from 1, 2, 4, 6, and 8 hours). Reactions were carried out in 100 mL Erlenmeyer 
flasks containing 20 mL of reaction mixtures in a rotary shaker (Stuart orbital incubator S1500, 
Staffordshire, United Kingdom) at room temperature. Samples were taken at regular intervals (after 1, 
2, 4, 6, and 8h); reactions were stopped by heating the samples in boiling water.  
2.2.8. Chemical analysis of maltooligoshaccarides 
Evaluations of the all product hydrolysis were analyzed by calculating of the total sugar content, 
reducing sugar, the degree of polymerization, and TLC. Analysis of total sugar was determined using 
the phenol-sulfuric acid method with modified (Dubois et al., 1956). Analysis of reducing sugars 
formed was determined by the DNS method with modified (Miller, 1959). Degree of polymerization is 
calculated based on the ratio between total sugar and reducing sugar. Thin Layer chromatography (TLC) 
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of maltooligosaccharides products was carried out by the ascending method (three times development) 
on silica gel60F254plates (Merck Art20-20cm). All samples were applied in equal quantities (1µl) and 
then resolved by two runs with a solvent mixture of n-Butanol/aceticacid/water (12:6:6, by volume). 
Spots were visualized by spraying sugar color (0.5 g α-diphenylamine, 25 mL acetone, 2.5 mL 
phosphate acid, 0.5 ml aniline) and then by heating at 100oC for 15 min.  
 
2.3. Results and Discussions 
2.3.1. Screening and identification of starch degrading bacteria 
Amylase production was detected by the disappearance of the blue color of the medium around 
microbial colonies(Fig.1A). Using that method, six marine microbes from 59 isolates which produced 
large clear zones on the agar medium and the two isolate (KWPH18 and KWD15) was considered to 
be the best amylase producing strain with quantitative analysis. Quantitative assessment of the amylase 
productivity by the isolates using submerged fermentation process and isolate KWPH18 is produced 
the highest of enzyme activity (2.85 U/ml) (Fig. 1B). Therefore, we selected KWPH18 for subsequent 
investigations by using 16S rDNA analysis and KWPH18 was identified as a Brevibacterium. sp (Fig. 
2). 
 
A                                      B 
Fig. 1 Analysis of potassium iodine-iodine solutions, starch degrading by marine microbes (clear zone) 
(A) Quantitative analysis of isolates KWD15 and KWPH 18 (B) 
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Fig. 2 Phylogenetic tree of the 16S rDNA sequences amplified. The sequences obtained from the 
current study was KWPH18. The evolutionary history was inferred using the Neighbor-Joining method 
(Saitou and Nei., 1987). The bootstrap consensus tree inferred from 2000 replicates [2] is taken to 
represent the evolutionary history of the taxa analyzed (Felsenstein, 1985). The percentage of replicate 
trees in which the associated taxa clustered together in the bootstrap test (2000 replicates) are shown 
next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed 
using the Maximum Composite Likelihood method (Tamura et al., 2004). Evolutionary analyses were 
conducted in MEGA5 (Tamura et al., 2007). 
 
2.3.2. Optimization of production and characterization of crude amylase from selected isolates 
Data optimization of substrate concentration and pH medium were presented at Fig. 3A and Fig. 3B 
respectively. Amylase activity increased with increase in the starch concentration from 1.5% and 
optimum activityon 2% of starch. Beyond 2.5%, there was a decline in amylase activity (Fig. 3A). The 
effect of pH on amylase activity was showed on Fig. 3B. Optimum pH culture media for producing 
amylase was reached on pH 8 with activity of 3.94 U/ml. 
We have been done the characterization of crude enzyme for pH and temperature reaction. The 
optimum pH was observed at pH 6.6as indicated in Fig. 3C. After pH 6.6, a continuous decrease in 
enzyme activity was observed. The influence of temperature on amylase activity of the crude enzyme 
showed that enzyme activity increased 30oC progressively and reaching a maximum at 30oC (Fig. 3D). 
Above 30oC, there was a reduction in the amylase activity. 
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Fig. 3 Effect of substrate concentration (A) and pH medium (B) on amylase activity, characterization 
of pH (C) and temperature (D) on amylase activity from Brevibacterium. sp 
 
2.3.3. Maltooligosaccharide production from cassava tubers 
2.3.3.1. Starch recovery and physic-chemical characteristic from four varieties cultivar cassava 
First step was extraction of starch from four varieties cultivar cassava. Fresh tuber and result of 
starch powder extraction from four varieties cultivar were presented in Fig 4A. From appearance 
characteristics, Roti variety has white color and varieties Kuning, FEC 25 and Adira I have yellow color 
most likely due to the high β-carotene content with the highest was Kuning variety. 
The total weight rendement of cassava starch obtained from extraction of fresh tubers from four 
varieties cultivar was presented at Fig. 4B. The total amount of starch, expressed as a percent of dry 
matter. The yield of starch from four varieties cultivar cassava was ± 20 % on a grain dry matter basis. 
The relatively low yield could be attributed to starch losses occurred during the repeated washing steps 
during the starch extraction process. 
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        (A) 
 (B)  
 
 
Fig. 4 Photo of fresh cassava tubers, cassava tuber after peeled and starch powder from four varieties 
(Kuning, FEC 25, Adira I and Roti) (A), yield of cassava starch from four varieties cultivar (B) 
 
 
Starch exists as starch granules. Starch granules from four varieties cultivar were evaluated by using 
scanning electron micrographs presented in Fig 5. There are not differences results of SEM analysis 
from four varieties cultivar cassava. The purity of the extracted starch was visually confirmed by SEM 
micrographs at 2500X magnifications with scale 10 µM show that the integrity of the granule starches 
as intact and the granule size of starches from four varieties cultivar small oval shaped (Fig 5).  
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Fig 5. Microscopic analysis of starch from four varieties cultivar cassava: Kuning, FEC 25, Adira 
I and Roti by using scanning electron microscopy (SEM) with magnification 2500X 
 
Proximate analysis of extracted cassava starch was presented in Table 1. The raw starch from four 
varieties cultivar employed in this study (Kuning, Adira I, FEC 25 and Roti) differs in proximate 
analysis properties each other with respect to water content, ash content, protein content, fat content 
and crude fiber.  Based on proximate analysis showed that protein and fat content were law, these values 
indicated that the extracted starch was quite pure, so we can have used this starch for next analysis. 
Table 1. Proximate components of starch from four varieties cultivar cassava 
Proximate 
components (%) 
Cassava varieties cultivar 
Kuning FEC 25 Roti Adira 
Moisture 15.56 11.39 11.5 11.29 
Ash content 0.25 0.24 0.22 0.17 
Crude protein 0.48 0.42 0.65 1.18 
Crude lipid 0.37 0.5 0.76 1.05 
Crude fiber 0.09 0.27 0.13 1.22 
 
Physic-chemical composition of extracted cassava starchwere presented in Table 2. Based on Table 
2 showed that cassava starch from all varieties cultivar have similar content of carbohydrate total around 
80%. The percent amylose content of the four varieties cultivar extracted starch varied from 13.0 to 
16.4%, where is amylopectin content varied from 28.54 to 47.30%. Three varieties cultivar, such as 
FEC 25, Adira I and Roti contain amylopectin (30%) lower than amylose and Kuning variety cultivar 
has amylopectin higher (47%) than amylose. The amylopectin content of cassava starch was lower than 
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amylose and high starch digestibility, which confirmed that these starch easier to hydrolysis by α-
amylase.  
Table 2. Physic-chemical characteristics of starch from four varieties cultivar cassava 
Physic-chemical 
characteristics of starch 
Cassava varieties cultivar 
Kuning FEC 25 Roti Adira I 
β-carotene (ppm) 7.2 5.9 8.5 - 
Carbohydrate content (by 
different) 
75.7 85 85.6 85.0 
Amylopectin (%) 47.3 30.9 28.5 30.5 
Amylose (%) 28.4 54.1 57.1 54.5 
Viscosity (Cp) 16.4 14.4 14.8 13.0 
Starch digestibility (%) 97.5 83.4 64.7 88.2 
Water absorption (g/g) 0.6 1.3 0.8 0.9 
Oil absorption (g/g) 1.1 1.1 1.2 1.2 
 
 
Starches from all cassava variety cultivar were potential to be used for produce maltooligosaccharide. 
It showed by value of high digestibility assay (65-100%). Based on the amylopectin content show that 
Kuning variety can be used for maltooligosaccharde production linier type, different with the other 
variety cultivar. So, in this research we used focus to analysis optimization hydrolysis condition of 
starch cassava Kuning variety cultivar compared with FEC 25 and Rotivariety cultivar for 
maltooligosacharide production.  
2.3.3.2. Enzymatic hydrolysis optimization of cassava starch Kuning variety cultivar 
The focus activity of this research is determining the optimum conditions for hydrolysis of cassava 
starch Kuning variety cultivar to produce maltooligosaccharide.  First step, we decide the optimum 
substrate concentration (% w / v) by using the ratio of α-amylase and starch 1:1 with the same amount 
of enzyme concentrations (12.2 U.mL-1) and temperature hydrolysis room temperature (30oC). 
Determination of the optimum substrate concentration have been done at a concentration of 1.5%, 3.0%, 
4.5%, 6.0%, and 7.5%. Values of reducing sugars on some substrate concentration were shown at Fig. 
6A. The value reducing sugar optimum at substrate concentration 4.5% and the lowest reducing sugar 
at substrate concentration 1.5%.  
Next step was to decide the comparison between substrate and amylase enzyme concentration used 
in the hydrolysis. We used substrate concentration 4.5% from the previously result. Comparison 
between substrate and enzyme concentration were made in v/v in hydrolysis reaction. The volume of 
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substrate was made fix (1 mL), whereas enzyme concentration was made in variance 1 mL, 2 mL, 5 
mL, 10 mL with each activity 2.3 U, 4.6 U, 11.5 U and 23 U. Yield of reducing sugar produced by 
enzymatic hydrolysis on variance comparison substrate and enzyme were shown at Fig. 6B. Based on 
this figure shown that optimum comparisons between substrate and enzyme was 1:2 with the highest 
value of reducing sugar. 
The final step was to decide the temperature optimum for hydrolysis substrate by α-amylase from 
Brevibacterium sp. to produce maltooligosaccharide from Kuning variety cultivar. We used substrate 
concentration 4.5% and comparison substrate and enzyme 1:2 (v/v) in three variance temperature 
hydrolysis, such as 30, 50 and 70oC. The values of reducing sugars from three variance temperature 
hydrolysis were shown at Fig. 6C. From this data showed that temperature 50oC was optimum for 
production maltooligosaccharide with the highest value of reducing sugars from Kuning variety cultivar.  
Based on the value of reducing sugars were shown at Fig. 6A, B and C, respectively showed that 
optimum hydrolysis condition for maltooligosachharide production from Kuning variety cultivar were 
substrate concentration 4,5% (b/v), comparison of substrate: enzyme 1:2, and temperature hydrolysis 
50oC with the reducing sugars 13.359 ppm. Lene et al., (2000) described that chromatographic methods 
using different separation techniques have been applied to determination of the starch hydrolysis 
products formed by the maltooligosaccharide forming amylases. Thin-layer chromatography (TLC) is 
a low cost method and still commonly used as an analytical tool for the detection of starch hydrolysis 
products because of its simplicity and relatively high sensitivity (Robyt and Ackerman, 1971; Kainuma 
et al., 1972; Takasaki, 1985; Saito, 1973; Taniguchi et al., 1983; Hayashi et al., 1988a; Hayashi et al., 
1988b; Okemoto et al., 1986). So, we used the TLC method to decide the type of maltooligosaccharide 
were formed by Kuning variety cultivar. Many amylases producing specific 
maltooligosaccharide.Enzyme α-amylase from Brevibacterium sp.can be degraded of cassava starch of 
Kuning variety cultivar to produce various maltooligosaccharides type, such as maltose, maltotriose, 
maltotetraose and maltopentaose based on the TLC result (Fig 6D).Based on the TLC data on Fig 6D. 
showed that Kuning variety cultivar can produce variance maltooligosaccharide from 0 hour until 8 
hour reaction, with the dominant product was maltotriose, maltotetraose and maltopentaose. This result 
was similar to Jana et al., (2013) described that potato starch hydrolysis by thermophilic α-amylase 
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from B. megaterium VUMB109 produced higher quantity of maltopentaose and maltotriose. Maalej et 
al., (2014) also reported amylase from Pseudomonas stutzeri AS22 produce high maltotetraose (G4). 
Result analysis from variety Kuning was very interested, because cassava starch from Kuning variety 
can produce mainlymaltotriose, maltotetraose and maltopentaose that have properties are compatible 
for use in the food industry Byoung-Cheol et al., (1998). Many report the application of 
maltooligosaccharide, such as maltotriose, maltotetraose and maltopentaose. Specific interest was many 
kind applications for maltotetraose by Trupti et al., (2013). Maltotetraose is being tested for its use as a 
food additive to improve the texture or to reduce the sweetness of foods without affecting their inherent 
taste and flavor (Rivero and Santamaria 2001; Aiyer, 2005).  It’s also can be used in baking due to its 
high moisture retention power which serves to prevent retrogradation of starch ingredient (Palacios et 
al., 2004), Malabendu et al., (2013) was also described that maltotetraose has a prebiotic effect by 
ingestion of maltotetraose syrup could improve intestinal flora and suppress the formation of 
putrefactive products. In particular, maltopentaose which has five glucopyranoses is highly demanded 
as a high value-added material in the medical field since the pure maltopentaose can be used as a 
diagnostic reagent to examine the activity of α-amylase in serum (Saito, 1973; Pankratz, 1977; Masao 
et al., 1991; Takashi et al., 1992). Based on the result of maltooligosaccharide type from Kuning 
varieties show that variety Kuning have challenge used as a material for maltooligosacharides and used 
for food industry application. 
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Fig. 6. Yield of reducing sugar (ppm) through enzymatic hydrolysis on variance substrate concentration 
(A), substrate enzyme comparison optimization (B), variance of temperature hydrolysis (C) and 
chromatogram of TLCfor enzymatic hydrolysis produce Kuning variety cultivar. S was standard mix 
(maltose, maltotriose, maltotetraose and maltopentaose); 0, 2, 4, 6 and 8 showed time of enzymatic 
hydrolysis (hours) 
 
 
2.2.2.6. Enzymatic hydrolysis optimization of cassava starch FEC 25 variety cultivar 
As shown in Fig. 7 the role of amylase in the crude extract hydrolysis of the FEC 25 cassava starch 
in various substrate concentration was presented by the resulting reducing sugar. Based on the analysis 
shows that the reducing sugar concentration value of 6.0% has the highest reducing sugar at hydrolysis 
reaction time to the hour-to-hour 0 to 8 (Fig. 7A). While at the 24th hour, reducing sugar values for all 
concentrations remained constant and did not increase significantly. At the 24th hour, reducing sugar 
value for the concentration of 6.0% and 7.5% have the value of which is not too different, i.e. 
sequentially to a concentration of 6.0% and 7.5% was 21,675 ppm and 21,750 ppm. The degree of 
polymerization (DP) values were presented in Table 3. The pattern of saccharides products produced 
by hydrolysis was analyzed as a degree of polymerization (DP). The degree of polymerization (DP) 
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value shown the pattern of the resulting product saccharide. Based on DP analysis in Table 3 shows that 
the value of DP in the hour 0 to 4, the value still varies between 1-7 hours while on the hour 8 to 24th 
the value of the DP shows uniform value 1. This shows that the most saccharides formed in more than 
8 h hydrolysis is glucose. So based on these results, hydrolysis time of the FEC 25 cassava starch to 
produce oligosaccharides should be done less than 8 hours.  
TLC analysis was carried out using glucose, maltose, maltotriose and maltopentaose as standards 
were presented in Fig 7B, C and D. The main result hydrolysis from the FEC 25 cassava starch are 
maltose, maltotriose. Based on previously study showed that the FEC 25 cassava starch contain amylose 
more than 50% and it is expected the linear amylose will be degraded to maltose and maltotriose. This 
result similar with hydrolysis starch by Bacillus subtilis SUH 4-2 and Streptomyces albus KSM-35 (Min 
et al., 1998). A new amylase isolated from Bacillus subtilis SUH 4-2, which selectively produces 
maltose and maltotriose from starch solution (amylase II), and another amylase from Streptomyces 
albus KSM-35, mainly producing maltotetraose and maltotriose (amylase IV). The products maltotriose 
and maltotetraose, have properties that are compatible for use in the food industry. Maltose and 
maltotriose had been reported to have antistaling effects on starch gel (Biliaderis and Prokopowich, 
1994). Maltotriose and maltotetraose produced by amylase II and amylase IV showed great potential as 
antistaling agents for bread, to be responsible for preventing bread retrogradation. (Min et al., 1998). 
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Fig. 7 Reducing sugar content of cassava starch FEC 25 variety cultivar were hydrolyzed by amylase 
enzyme of Brevibacterium sp.on variations of cassava starch concentration were 1.5%, 3%, 4.5%, 6% 
and 7.5% in phosphate buffer pH 6.6, the ratio of α-amylase and starch 1:1 (v/v) with concentration 
enzyme 12.2 U.mL-1,30°C (A), TLC analysis of the cassava starch FEC 25 variety cultivar hydrolyzed 
by Brevibacterium sp. amylase enzyme on the substrate concentration 1.5 and 3% (B), 4.5% and 6.0% 
(C) and 7.5% (D); Hydrolysis time : 0, 1, 2, 4, 8 and 24 hours, KS : substrate control; standard G : 
glucose; M : maltose, T : maltotriose and P : maltopentaose. 
 
Table 3 Degree of polymerization (DP) of the hydrolysis products at various concentration of 
substrate, the ratio of α-amylase and starch 1:1 (v/v), sodium phosphate buffer pH 6.6, temperature 
30oC, and different reaction times from cassava starch FEC 25 variety cultivar 
 
Time reaction 
Degree of polymerization (DP) 
Substrate Concentrations (%) 
1.5 3 4.5 6 7.5 
0 3 5 2 4 7 
1 1 3 2 2 3 
2 1 2 1 2 3 
4 1 1 1 1 2 
8 1 1 1 1 1 
24 2 1 1 1 1 
 
 
2.2.2.7. Enzymatic hydrolysis optimization of the cassava starch Roti variety cultivar 
The effect of various concentrations the cassava starchRoti variety cultivar, the result of analysis the 
determination of the ratio of α-amylase and starch, temperature hydrolysis, and the reaction time were 
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presented in Fig. 8A, B, C, respectively. The result of optimization of the concentration of the substrate 
shows the optimum value on the substrate concentration 6% (w / v) with the highest reducing sugar 
values (Fig. 8A). Based on the optimization of the ratio of α-amylase and starch, showing the optimum 
reaction occurs at the ratio of α-amylase and starch 1: 1 (Fig. 8B). Based on the experimental results, 
the optimum temperature for enzymatic hydrolysis is 50°C (Fig. 8C). Reducing sugar value at 70°C is 
much smaller than other temperatures. This result was less different with (Moon and Cho, 1997) that 
reported the optimum reaction temperature to produce maltopentaose from starch was 40oC. 
The qualitative analysis by TLC was carried out using mainly glucose, maltose, maltotriose and 
maltopentose as standards were presented in Fig. 8D. The results of TLC shows that the main result 
hydrolysis from the Roti cassava starch are maltose, maltotriosa, and maltopentosa. This result was 
similar with Jana et al., (2012), described that potato starch hydrolysis by thermophilic α-amylase from 
B. megaterium VUMB109 produced higher quantity of maltopentaose and maltotriose. Maltopentaose 
which has five glucopyranoses is highly demanded as a high value-added material in the medical field 
since and the pure maltopentaose can be used as a diagnostic reagent to examine the activity of α-
amylase in serum (Saito, 1973; Pankratz, 1977; Masao et al., 1991; Takashi et al., 1992). From TLC 
product show that the enzyme was used in this hydrolysis belong to endo-type where it random starch 
hydrolysis produce oligosaccharides with DP ≥ 2.  
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Fig. 8 Yield of reducing sugar (ppm) through enzymatic hydrolysis on variance substrate concentration 
(A), variations of the ratio of α-amylase and starch, 1:1, 1:2, 1:5 and 1:10  (B), variance of temperature 
hydrolysis, 30, 50, and 70oC (C) and chromatogram of TLC for enzymatic hydrolysis produce Roti 
variety cultivar hydrolyzed by Brevibacterium sp. amylase on the substrate concentration 6 %; the ratio 
of α-amylase and starch, 1:1; temperature hydrolysis 50oC with hydrolysis time : 0, 1, 2, 4, 6 and 8 
hours; standard (S),G : glucose; M : maltose, T : maltotriose and P : maltopentaose. 
 
2.2.3. Maltooligosaccharides production from black potato tuber 
2.2.3.1. Chemical composition and SEM analysis of isolated black potato starch varieties  
Fresh black potato tuber (Coleus tuberosus), starch powder extraction results was presented in Fig. 
9A and 9B, respectively. Yield and chemical composition of isolated black potato starch were presented 
in Table 4. The yield of starch from black potato was 18.73 % on a grain dry matter basis. The relatively 
low yield could be attributed to starch losses occurred during the repeated washing steps during the 
starch extraction process. Moisture content of the isolated starch was 10.13%. The lipid and protein 
contents of the starch were rather high at 0.81% and 0.51%, respectively, which indicated that the 
isolated starch was quite pure. Scaning electron micrographs of the isolated black potato starch were 
presented in Fig. 9C. The purity of the isolated starch was visually confirmed by SEM micrographs at 
three different magnifications show that the integrity of the granules starches as intact (Fig. 9C). The 
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amylopectin content of the black potato starch was 67.69%, which confirmed that a considerable 
proportion of the starch was used to maltooligosaccharide production. 
 
Fig 9. Black potato tissue culture varieties 3.2(A), the black potato starch powder varieties 3.2 (B), 
scanning electron micrographs of the isolated black potato starch varieties 3.2 at three magnifications 
(500X, 1000X and 2500X) (C) 
 
 
Table 4 Yield and chemical composition of isolated black potato starch varieties 3.2  
Yield Moisture Protein Lipid Ash Total carbohydrates 
(%) 
Viscosity 
(Cp) 
Amylose 
content (%) 
Amylopectin 
content (%) 
18.73% 10.34 0.81 0.50 0.44 83.87 14.2 32.31 67.69 
 
2.2.3.2. Enzymatic hydrolysis optimization of black potato starch varieties 3.2 
Productions of maltooligosaccharides from black potato starch were carried out by Brevibacterium 
sp. amylase isolated from Kamal Island. To determine the most suitable condition, enzyme reactions 
were carried out using the same amount of enzyme concentrations (2.5 U.mL-1) in various substrates 
concentration ranging 1, 2.5 and 5%. The election of concentration varieties based on the solubility of 
the starch. Starch concentration of more than 5% starch resulted into thick and tends to form a gel. The 
parameters which used in determining the condition of enzymatic hydrolysis was reducing sugar. It was 
 1 
  2 
 (A) (B) 3 
 4 
(C) 5 
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chosen because it is a simple sugar hydrolysis of starch breakdown products by amylase enzyme. The 
effect of various black potato starch concentrations and TLC analysis was carried out using mainly 
glucose, maltose, maltotriose and maltopentose as standards were presented in Fig 10 C, D and E.  
 
Fig 10. Yield of reducing sugar (ppm) through enzymatic hydrolysis of black potato starch varieties 3.2 
were hydrolyzed by amylase enzyme of Brevibacterium sp. on variance substrate concentration (A), 
substrate enzyme comparison optimization, (1:5, 1:2, 1:1and1:10)at a concentration of 2.5% substrate, 
phosphate buffer pH 6.6, the volume of 1mL enzyme (2,5 U.ml-1), 30°C (B), and chromatogram of TLC 
analysis of the black potato (Coleus tuberosus) starch hydrolyzed by Brevibacterium sp. amylase on the 
substrate concentration 1% (C), 2.5% (D) and 5% (E). Lane 1, control; lane 2, 1 H; lane 3, 2 H; lane 3, 
4 H; lane 4, 6 H and lane 5, 8 H. Lane7 (G), standard glucose; lane 8 (M1) standard maltose, lane 9 
(M3) standard maltotriose and lane 10 (M5) standard maltopentaose). 
 
As shown in Fig. 10A the role of amylase in the crude extract of black potato starch hydrolysis was 
presented by the resulting reducing sugar. Each concentration of black potato starch producing different 
of reducing sugar. The substrates concentration higher will be produce more reducing sugar (Fig. 10A). 
The results showed that the concentration of reducing sugar increased from1% to 5%. For example, at 
8 h reducing sugar concentration of the substrate 1%, 2.5%, and 5% respectively 3,490, 11,435 and 
15,570 (ppm). The substrate concentration 5% has the highest value of reducing sugars. Furthermore, 
substrate concentration of 2.5% was selected in the determination of the enzyme and substrate ratio 
because from TLC analysis (Fig. 10D) maltooligosaccharides has been produced in this concentration. 
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Spot in concentration of 2.5% that appears increasingly clear separation compared to a concentration of 
5% (Fig.10E). The hydrolysis time influence to the sharpness of TLC spot. From Fig. 10D shows that 
there are three kinds of maltooligosaccharides produced: maltose, maltotriose, and 
maltooligosaccharides mix. From TLC product show that the enzyme was used in this hydrolysis belong 
to endo-type where it random starch hydrolysis produce oligosaccharides with DP≥2.  
The result of comparative analysis the determination of the enzyme and the substrate and the reaction 
time were presented in Fig. 10B. The reducing sugar producing by ratio of substrate: enzyme 1:10 has 
trend gradually increased (Fig. 10B). At the ratio of substrate: enzyme 1:1; 1:2 and 1:5 ratio shows that 
the reducing sugar produced increasing up to 4 hours and then decreasing up to 6 hours, then slowly 
and constantly up-to 8hours. The utilization of enzyme dosage too high causes the hydrolysis reaction 
not running optimal and effective, so it was produced the low reducing sugar, such as occur in the ratio 
of 1:1and1:2. The ratio enzyme substrate 1:5was selected because it was more effective to produce the 
highest reducing sugar at4 hours until 8 hours. The most effective time for maltooligosaccharides 
production also was determined from the result of comparison enzyme substrate (Fig. 10D). Reaction 
time 4 hours were selected because in this time on substrate concentration of 2.5% and a1:5 ratio 
enzyme substrate produce the reducing sugar optimum at 4 hours with the amount of reducing sugars 
14,240 ppm. Data analysis of the degree polymerization was presented in Table 5. 
 
Table 5 Degree of polymerization (DP) analysis on a variety of enzyme-substrate ratio (v/v) (1:5, 1:2, 
and 1:1) at a concentration of 2.5% substrate, phosphate buffer pH 6.6, the volume of 1mL enzyme (2,5 
U.mL-1), 30°C. 
 
Enzyme : Substrate Ratio Hydrolysis time (hours to) DP 
  
1:5  
  
  
1 22 
2 16 
4 9 
6 10 
8 9 
  
1:2  
  
  
1 18 
2 17 
4 15 
6 15 
8 14 
  
 1:1 
  
  
1 14 
2 13 
4 11 
6 12 
8 11 
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2.2.4. Maltooligosaccharides production from tacca tuber 
In this study, we focus on exploring the novel starch, which is potential for the production of 
maltooligosaccharide. The first step is selected from three Tacca (Tacca leontopetaloides) variety 
cultivars (Hutan Jati, Pulau Katang and Gunung Batur) by physico-chemically characteristic. 
 
2.2.4.1. Physico-chemically characteristic of Tacca starch 
Fresh tuber Tacca and starch powder extraction result inthe three Tacca (Tacca leontopetaloides) 
variety cultivars (Hutan Jati, Pulau Katang and Gunung Batur), which are presented in Fig. 12A, B, C 
and D, respectively. The total weight rendement of Tacca starch was obtained from extraction of fresh 
tubers from three varieties cultivar, which was presented in Table 6. The yield of starch was calculated 
based on the ratio of dry weight of starch to the weight of fresh tuber. The yield of starch from Hutan 
Jati variety cultivar has the highest rendement, which was ± 28.44%. The rendement of starch from 
Gunung Batur and Pulau Katang variety cultivars were 2% lower than Hutan Jati variety cultivar.  
 
 
Figure 12 (A) Fresh Tacca tuber, starch from (B) Hutan Jati variety cultivar, (C) Pulau Katang  
variety cultivar, and (D) Gunung Batur variety cultivar 
 
Tabel 7: Percentage of rendement from three Tacca starch variety cultivars 
 
 
The proximate analyses of extracted Tacca starch are presented in Table 7. The raw starch from three 
variety cultivars employed in this study (Hutan Jati, Pulau Katang and Gunung Batur) differs in 
proximate analysis properties from each other with respect to water content, ash content, protein 
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content, fat content and crude fiber.  Starch digestibility is a level of convenience of the starch to 
hydrolyze by the enzyme to produce the simple sugar or monomor of the sugar. Based on the data in 
Table 8, starches from Hutan Jati and Gunung Batur variety cultivars have digestibility capacity of 50% 
greater than Pulau Katang. This means that the starch from Pulau Katang variety cultivar has less 
amylase and produces lower, simple sugar than Hutan Jati and Gunung Batur variety cultivars. On the 
contrary, the amylopectin content of the Hutan Jati and Gunung Batur starch varieties cultivar was 
higher than amylose and high starch digestibility, confirming that these starch is easier to hydrolysis by 
the crude of α-amylase while starch from Hutan Jati and Gunung Batur variety cultivars contain 
amylopectin higher than amylose showed that these variety cultivars similar to the characteristic of 
black potato and cassava Kuning starch variety cultivars from Indonesia in our previous study (67.69% 
and 97.5%, respectively) (Rahmani et al., 2013, 2016). Based on the data physico-chemically analysis, 
Hutan Jati Tacca starch variety cultivar was selected for the next analysis.   
 
Table 8: Proxymate analysis from three Tacca starch variety cultivars 
 
 
 
2.2.4.2. Optimizations the enzymatic hydrolysis of Hutan Jati Tacca starch variety cultivar by the 
crude extract α-amilase Brevibacterium sp. for production of maltooligosaccharides  
Hutan Jati Tacca starch variety cultivar contains amylopectin higher than amylose compared with 
the other varieties. Higher ratio of amylopectin to amylase and shorter chain lengths provides a higher 
production rate in the primary stage (Nakada et al., 1990; Woo and McCord, 1993). There are more 
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non-reducing ends in amylopectin starch than in the amylose starch. This increase in non-reducing ends 
increases the number of sites available for combining with the enzyme (Pan et al., 2017). 
The first experiment was optimizations the enzymatic hydrolysis of Hutan Jati Tacca starch variety 
cultivar by the crude extract α-amilase Brevibacterium sp. The analyses were performed on various 
substrate concentrations, the ratio of enzyme and substrate by measurement of reducing sugar, total 
sugar, degree of polymerization (DP) and TLC. TLC is still the simplest chromatographic technique 
currently used to analyze maltooligosaccharides (Pan et al., 2017). By analyzing the starch hydrolysis 
reaction after it has been underway for different amounts of time, the product component present during 
each stage can be preliminarily determined (Murakami et al., 2008, Maalej et al., 2014).  
The results of reducing sugar concentrations on various substrate concentrations were presented in 
Fig. 13A. The 4.5% substrate concentrationproduces larger reducing sugars than 7.5%. The highest 
reducing sugar was produced at 8th hour with 4.5% substrate concentration of 2470.81 µg mL-1 while 
the smallest reducing sugar concentration was on the 1st hour with 3% substrate concentration of 
1760.46 μg mL-1. 
Total sugar describes the amount of sugar contained in the starch with various concentrations. Total 
sugar on 7.5% substrate concentration showed the highest total sugar when compared with other 
concentrations, especially at the 2nd hour (60304.69 μg mL-1) (Fig. 13B). The degree of polymerization 
(DP) produced on various substrate concentration were presented in Table 9.  
The 4.5% substrate concentration produce the highest reducing sugar concentration, but the TLC 
data (data were not shown) showed that maltooligosaccahride in 4.5% substrate concentration cannot 
be separated very well compared with 3% substrate concentration, so the 3% substrate concentration 
was selected for the next step analysis.  
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Figure 13 (A) Reducing sugar (µg mL-1) and (B) Total sugar (µg mL-1) concentration of the Hutan  
Jati Tacca starch variety was hydrolyzed by the crude extract α-amilase Brevibacterium sp. The reaction 
consisting of five variations of Tacca starch concentrations were 1.5%; 3%, 4.5%, 6.0%; 7.5% in 50 
mM sodium phosphate buffer pH 6.6, the ratio of enzyme and starch 1:1 (v/v) with enzyme 
concentration 17.8 U/mL, 30 oC. 
 
Table 9 Degree polymerization (DP) of the hydrolysis product at the ratio of enzyme and substrate  
1:1 with the various concentration of substrate and different of hydrolysis time 
 
Substrate 
concentration 
(%)  
Degree of polymerization  
Hydrolysis time (h)  
1 2 4 6 8 
1.5 15 16 14 11 19 
3 14 20 22 18 15 
4.5 29 28 22 18 13 
6 29 42 41 22 19 
7.5 19 78 58 53 35 
 
The enzymatic hydrolysis was continued on 3% substrate concentration with various ratios of 
enzyme and substrate (1:1, 1:2, 1:5 and 1:10, v/v). The reducing sugar concentration from various ratios 
enzyme and substrate increased with the addition of hydrolysis time. The reducing sugar at 1:5 ratio 
decreased at 6th hour and increased again at the 7th and 8th hours (Fig. 13A). 
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Figure 14 (A) Reducing sugar (µg mL-1) and (B) Total sugar (µg mL-1) concentration of the Hutan Jati 
Tacca starch variety was hydrolyzed by the crude extract α-amilase Brevibacterium sp. The reaction 
was conducted on 3% substrate concentration, the ratio of enzyme and starch 1:1, 1:2, 1:5 and 1:10 
(v/v) with concentration enzyme 17.8 U.mL-1, 30 oC in phosphate buffer pH 6.6. 
 
The total sugar concentration in the ratio of enzyme and substrate at 1:2 and 1:1 showed in Fig. 14B, 
is fairly constant, not significantly increased or decreased. The sugar total concentration at 1:10 ratio of 
enzyme and substrate at 1st hour is 10445.32 μg mL-1 then going up at 2nd hour and remaining constant 
until 8th hour. In contrast, for the 1:5 ratios of enzymes and substrate, the total sugar concentration value 
is constant at the beginning until 6 hours and increased significantly at the 8th hour from 24846.35 to 
45463.54 μg mL-1. The degree polymerization of the hydrolysis result of the Tacca starch variety 
cultivar at various ratios of both enzyme and substrate shows in the range of 4-22 (Table 10). 
 
Tabel 10 Degree polymerization (DP) of  the hydrolysis product at 3% concentration of substrate, the  
ratio of enzyme and substrate 1:1, 1:2, 1:5 and 1:10 and different of hydrolysis time 
 
Substrate 
concentration 
(%) 
Degree of polymerization 
Hydrolysis time (h) 
1 2 4 6 8 
 1 : 5 15 13 10 16 20 
 1 : 2  9 8 8 7 6 
 1 : 1  5 5 4 4 4 
  1 : 10 14 20 22 18 15 
      
 Chromatographic analysis of the various ratios of enzyme and substrate was presented at Fig.15. 
The pattern of TLC from the ratio of enzyme and substrates of 1:5 (Fig 15C) and 1:10 (Fig 15D) better 
than the ratio of enzyme and substrates of 1:1 (Fig 15A) and 1:2 (Fig. 15B).  The retention factor (Rf) 
of the TLC results shows that the formed oligosaccharides consist of maltose, maltotriose, and 
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maltotetraosa, expected that the Rf value was in between maltotriose and maltopentosa. The comparison 
between the 1:5 ratios of enzyme and substrate and the 1:10 ratio of enzyme and substrate showed that 
the 1:5 ratio enzyme and substrate produced stronger chromatogram intensity than 1:10 in the 6th hour 
to the 8th hour. Therefore, the 1:5 ratios of enzyme and substrate was selected as the optimum of ratio 
enzyme and substrate with the optimum hydrolysis time occurred at 6th hour. 
 
 
Figure 15 TLC analysis of the Hutan Jati Tacca starch variety cultivar was hydrolyzed by the crude  
extract α-amilase Brevibacterium sp. enzyme on various ratios of enzyme and substrate (A) 1:1, (B) 1:2, 
(C) 1:5 and (D) 1:10. Standard G: glucose, M: Maltose, T: maltotriose, P: maltopentaose 
 
 
The result of maltooligosaccharides from the Hutan Jati Tacca starch variety cultivar was similar to 
Hwang et al., (2013) which was a yield of starch hydrolysis by α-amylase produced maltotriose and 
maltotetraose as main products. Generally, yield of starch hydrolysis by α-amylase produced some 
various maltooligosaccharides, such as a higher quantity of maltotriose (Yang and Liu, 2004; Aiyer, 
2005; Yang et al., 2007; Kashiwagi et al., 2014; Kanpiengjai et al., 2015), maltotriose and 
maltopentaose by Jana et al., (2013), and also an evidence of maltotetraose and maltohexaose product 
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was dominated by amylase, respectively (Murakami et al., 2008, Maalej et al., 2014) and (Li et al., 
2014).  
 
Conclusion 
Based on the physic-chemical characterization showed that starch from all of cultivated varieties 
cassava can be used for maltooligosaccharides production by hydrolysis α-amylase from marine 
bacterium, Brevibacterium sp. The optimum hydrolysis condition for maltooligosachharide production 
from cassava starch Kuning variety cultivar were substrate concentration 4,5% (b/v), comparison of 
substrate: enzyme 1:2, and temperature hydrolysis 30oC with the reducing sugars 13.359 ppm. Whereas, 
the best hydrolysis reaction condition of the FEC 25 cassava starch were starch concentration of 6.0% 
(w/v), the ratio of α-amylase and starch 1:1, 50 mM of sodium phosphate buffer pH 6.6, the reaction 
temperature at room temperature (30oC) and the reaction time of 8 hours with the highest reducing sugar 
value of 21.675 ppm. While the best hydrolysis of the Roti cassava starch was starch concentration of 
6% (w/v), the ratio of α-amylase and starch 1:1, 50 mM of sodium phosphate buffer pH 6.6 and the 
reaction temperature at 50oC, the reaction time of 8 hours with the highest reducing sugar value of 
13.278 ppm. The results of maltooligosaccharides analysis using thin layer chromatography (TLC) 
showed that the the dominant product maltooligosaccharides formed on hydrolysis Kuning cassava 
starch was maltotriose, maltotetraose and maltopentaose, the FEC 25 cassava starch are glucose, 
maltose and maltotriosa, while Roti cassava starch are glucose, maltose, maltotriose, and 
maltopentaose. 
  The optimum conditions for maltooligosaccharides production achieved by black potato starch at 
substrate concentration 2.5% (w/v), enzyme-substrate ratio of 1:5 (w/v) and the time of hydrolysis for 
4 hours. The selected conditions reducing sugar yield of 14,240 ppm with a degree of polymerization 
of 16. Results of analysis of maltooligosaccharides using TLC showed the type maltooligosaccharides 
formed were glucose, maltose, maltotriose.  
The yield of maltooligosaccharide production by hydrolysis of α-amylase generally is higher in the 
quantity of maltotriose. In this study, it is the first to report the production of maltooligosaccharides, 
especially maltotriose and maltotetraose as main products from Tacca (Tacca leontopetaloides) tuber 
63 
 
starch. The optimum conditions of enzymatic hydrolysis of Hutan Jati Tacca starch variety cultivar for 
production of maltooligosaccharides were obtained at a 3% substrate concentration (w/v), the 1:5 ratio 
of enzyme-substrate at 6h time hydrolysis. Considering the result of psycho chemically characteristic 
and maltooligosaccharide produced by Tacca Hutan Jati tuber starch variety cultivar presented in this 
work may be considered as a strong potential candidate for future applications as a source of 
maltooligosaccharide production, especially maltotriose and maltotetraose in a functional food industry.  
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Chapter 3 
Mannanase from Indonesian Bioresources for Food Industry 
 
3.1. Introduction 
Mannan endo-1,4-β-mannosidase[EC 3.2.1.78] (β-mannanase) is used to catalyze a random cleavage 
of the β-D-1,4-mannopyranosyl linkage (McCleary and Matheson, 1986). β-mannanase is produced by 
various organisms, such as bacteria, yeasts, and fungi (Dhawan and Kaur, 2007). To date, various 
species of β-mannanase have been cloned and characterized from these organisms (Yamabhai et al., 
2016). Most of the microbial β-mannanases are belonging to glycoside hydrolase (GH) families 5, 26, 
and 113, based on their amino acid sequences, and on their structural and mechanistic similarities(Kim 
et al.,2011). 
Mannan polymers are widely distributed in plants, as part of the hemicellulose fraction in 
hardwoods, softwoods, seeds of leguminous plants, and beans (Dhawan and Kaur, 2007). The use of β-
mannanase is one method to the extensive degradation of these mannan polymers for its application in 
biofuel production from lignocellulose biomass (Ishii et al., 2016), as well as in production of 
mannooligosaccharides (MOS) (Yamabhai et al., 2016). MOS are non-digestible oligosaccharides that 
have potential applications in dietary fiber and prebiotics (Asano et al., 2003; Jian et al.,2013). 
Unfortunately, most of the MOS products were derived from sugar polymers present in the cell wall of 
Saccharomyces cerevisiae yeast. Some researchers have studied the prebiotic effect of MOS from plants 
and showed the potential use to improve human health, such as promoting the growth of intestinal 
beneficial microflora, decreasing enteric pathogenic bacteria, and reduction of dietary fat absorption 
(for example, Van Zyl et al., 2010; Jian et al.,2013; Chauhan et al., 2014). The availability of mannan 
polymers must be fulfilled to support the market demand for MOS.  
Application of β-mannanase to produce MOS might be greatly beneficial if a cheapest mannan-rich 
biomassis used as the substrate. Interestingly, Indonesia has abundant sources of biomass that contain 
high levels of hetero-mannan, such as palm kernel cake, copra cake, porang potato from the bulbs of 
porang (Amorphophallus onchophyllus), and suweg potato from Amorphophallus campanulatus. This 
fact suggests that the production of MOS based on cheapest mannan-rich biomass can be exactly relized. 
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Therefore, the potential of mannan polymers from these biomass in Indonesia have received an 
industrial focus, such as the food and feed industry. 
 β-mannanase could be naturally produced by actinomycetes. Actinomycetes produce extracellular 
enzymes that can decompose different types of substrates, and some enzymesfrom actinomycetes can 
be employed as important enzyme accessories in industrial processes, such as cellulase, xylanase, 
pectinase, protease, and chitinase (Prakash et al., 2013). There are several reports related to the cloning 
and expression of β-mannanase genes from actinomycetes. Fortunately, Indonesia is also rich in 
terrestial microbes, particularly in actinomycetes. Several scientists have reported that actinomycetes 
isolated from Indonesiansoils and leaf-litters represent new species and demonstrate the genus diversity 
(for example, Otoguro et al., 2009; Otoguro et al., 2011; Lisdiyanti et al., 2010; Yamamura et al.,2010). 
Extensive exploration of industrially useful enzymes has been conducted from these actinomycetes, 
such asinulin fructotransferase (Pudjiraharti et al.,2011; Pudjiraharti et al.,2014). Accordingly, there are 
two impacts using β-mannanases from these actinomycetes for the industrial production of MOS; the 
first is the possibility to obtain many kinds of β-mannanases with varied enzymatic properties due to 
the varieties of actinomycetes strains, and the second is the high potential production of varied MOS 
from mannan polymers due to the readiness of many kinds of β-mannanases with a broad substrate 
specificity. 
Herein, we report the screening and cloning of a β-mannanase from actinomycetes isolated in 
Indonesiato explore the β-mannanase for applications of mannan utilization as mentioned above. We 
selected one strain (ID04-0555) fromthe genus Kitasatospora, which represents the first trial, as a 
mannan-degrading enzyme producer. After cloning a β-mannanase gene from the strain, we found that 
the enzyme demonstrated the release of various types of oligosaccharides from the mannan polymers 
(particularly substrate derived from raw mannan polymers), indicating its beneficial potential in the 
production of MOS from raw biomass. 
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3.2. Materials and methods 
3.2.1. Strains, materials, and chemicals 
The actinomycetes wereobtained from Biotechnology Culture Collection (BTCC), Indonesian 
Institute of Sciences (LIPI). Streptomyces lividans 1326 (NBRC 15675) was purchased from National 
Institute of Technology and Evaluation (NITE, Chiba, Japan). Escherichia coli JM109 (Takara, Shiga, 
Japan) was used as the host strain for DNA manipulation. Locust bean gum (LBG) was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Ivory nut and konjac glucomannan were purchased from 
Megazyme(Wicklow, Ireland). Porang potatowas purchased from PT Ambico (Surabaya, East Java, 
Indonesia). Suweg potato was purchased from a traditional market in East Java, Indonesia. Copra cake 
and palm kernel cakewere purchased from a traditional market in Lampung, Sumatra, Indonesia. 
Mannose (M1) was purchased from Sigma-Aldrich (St. Louis, MO, USA). Mannobiose (M2), 
mannotriose (M3), mannotetraose (M4), mannopentaose (M5), and mannohexaose (M6) were 
purchased from Megazyme (Wicklow, Ireland).  
3.2.2. Screening of a strain for a mannandegrading enzyme from actinomycetes 
500 strains were cultured on ISP2 agar medium. A single colony was pre-cultured in ISP2 broth at 
28oC, 190 rpm for 3 days, then inoculated into 10 mL modified ISP2 broth contained 0.4% yeast extract, 
1.0% malt extract, and 0.5% each of mannan biomass (LBG, porang potato, copra cake, palm kernel 
cake, and suweg potato) in 100 mL Erlenmeyer flasks. The fermentation was carried out on a rotary 
shaker at 28oC and 190 rpm for 5 days. Sampling was carried out every 24 h. The culture supernatant 
was collected by centrifugation at 5,000 rpm for 10 min. The analysis of β-mannanase activity against 
mannan substrates was measured on LBG agar (0.5% LBG and 1.8% agar) by individually spotting an 
aliquot of the culture supernatant (5 µL). The plates were incubated at 37oC for 3 days. After 3 days, 
the plates were flooded with an aqueous solution of 0.25% Congo red (Nacalai, Kyoto, Japan) for 30 
min to visualize the hydrolysis zones. Then, the plates were washed with 1M NaCl for 15 min twice 
and 0.5% acetic acid to check the LBG degradationmore clearly.  
The hydrolysis of mannan substrates by the culture supernatant from ID04-0555 strain (LBG as a 
carbon source) was analyzed via TLC. Hydrolysis of 0.4% (w/v) LBG, 0.2% (w/v) ivory nut, 0.2% 
(w/v) konjac glucomannan, or 0.3% (w/v) porang was performed containing 50 mM MES buffer (pH 
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6.5) and 1.0 U/mLof β-mannanase. The reaction mixture was incubated for 0, 1, 2, 3, and 4 h in a shaker 
incubator at 30oC. The reaction mixture was taken and heated at 100oC for 5 min to terminate the 
reaction at variousreaction times (0, 1, 2, 3, and 4 h). The reaction mixture was spotted on TLC Silica 
gel 60F254, 20-20 cm (EMD/Merck, Darmstadt, Germany) and developed with a mixture of n-
Butanol/Acetic Acid/water (2:1.1:1, v/v/v). Spots were stained using DAP that contained 
diphenylamine, aniline, acetone, and phosphoric acid (Merck KGaA, Darmstadt, Germany), and 
subsequently heated at 120oC for 15 min. Mannose (M1), mannobiose (M2), mannotriose (M3), 
mannotetraose (M4), mannopentaose (M5), and mannohexaose (M6) were used as standards. 
3.2.3. Molecular identification of the ID04-0555 strain 
The molecular identification of the ID04-0555 strain was conducted based on the 16S rRNA gene 
as established by Lisdiyanti et al., (2010). The 16S rRNA gene was amplified via polymerase chain 
reaction (PCR) technique using a pair of 9F and 1510R primers (Table S1) (Burggraf et al., 1992). The 
sequence was confirmed via ABI3130DNA sequencer (Applied Biosystems, Foster City, CA, USA) 
and then compared with others available in the GenBank/DDBJ/EMBL database using multiple 
sequence alignment (ClustalW). 
3.2.4. Molecular cloning of a β-mannanase gene from the ID04-0555 strain  
The ID04-0555 strain was cultured on inorganic salt starch agar plates. A single colony was cultured 
in TSB medium (17 g/L pancreatic digest of casein, 3.0 g/L enzymatic digest of soya bean contain 
papain, 2.5 g/L glucose, 5.0 g/L sodium chloride, and 2.5 g/L di-potassium hydrogen phosphate, Oxoid, 
Hampshire, England) for genomic DNA extraction. Genomic DNA was extracted using the method 
established by Kieser et al.,(2000).  
The oligonucleotide primers (man5A_Ks_univF and man5A_Ks_univR) (Table S1)for cloning were 
designed based on the 250 bp GH5 conserved catalytic region from five types of Streptomyces β-
mannanase sequences: S. fradiae (NCBI accession number ADK91084.1), S. lividans (NCBI accession 
number M92297.2), Streptomyces sp. S6-204 (NCBI accession number EU399236.1), S. 
thermolilacinus NBRC 14274 (NCBI accession number ABG02047.1), and S. ThermoluteusNBRC 
14269 (NCBI accession number AB712236.1).The 250 bp partial fragment of the gene encoding β-
mannanasefromID04-0555 chromosomal DNA was amplified by PCR reactions using PrimeSTAR 
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GXL DNA polymerase (Takara, Shiga, Japan) with a pair of the designed oligonucleotide primers. The 
partial fragment was cloned into PCRTM-Blunt II-TOPO® vector (Invitrogen, Carlsbad, CA, USA) and 
transformed into E.coli JM109 cells for sequencing. After confirming the sequence of the partial 
fragment, the full length of the β-mannanasegene was identified by PCR reactions from the region of 
the partial fragment. The full length of the gene was identified using both LA PCRTMin vitro cloning 
kit (Takara, Shiga, Japan) and DNA walking SpeedUpTM premix kit (Seegene, Seoul, Korea) according 
to the manufacturer’s instructions with the following oligonucleotide primers (S1_up, S2_up, S1-
1_down, S2-1_down, S1-2_down, and S2-2_down, Table S1). The sequence was confirmed using an 
ABI3130 DNA sequencer. Finally, the sequence of PCR fragments was assembled to obtain the full 
length of β-mannanase gene. The full length of β-mannanasegene was amplified by PCR reactions using 
PrimeSTAR GXL DNA polymerase from the genomic DNA of ID04-0555by using a pair of primers 
(man_SphI_F and man_BglII_R_His6) and introduced into the SphI and BglII sites of pUC702-pro-
term (Table S1) using In-Fusion HD Cloning Kit (Takara, Shiga, Japan). The sequence was confirmed 
using anABI3130 DNA sequencer. The transformation with the recombinant plasmid (pUC702-pro-
ManKs-(His)6) to S.lividans1326 was conducted according to the method established by Kieser et al. 
(2000). 
3.2.5. Expression and purification of the recombinant β-mannanase in S.lividans 1326 
S. lividans 1326/pUC702-pro-ManKs-(His)6 (the recombinant β-mannanase expression strain) was 
inoculated into a test tube containing 5 mL of TSB medium (Becton, Dickinson and Company, Sparks, 
MD, USA) supplemented with 5 g/mL of thiostrepton (EMD chemicals, San Diego, CA, USA), 
followed by cultivation at 28oC for 2 days. Then, 1 mL of the seed culture was transferred into a baffled 
500 mL shaking flask containing 100 mL of modified TSB medium with 30 g/L glucose (Nacalai, 
Kyoto, Japan) as a carbon source, 15 g/L tryptone (Nacalai, Kyoto, Japan) as a nitrogen source, and 5 
g/mL of thiostrepton. Cultivation was performed at 28°C for 3 days. 
The recombinant His-tagged β-mannanase was purified usingNi SepharoseTM excel (GE Healthcare, 
Uppsala, Sweden)according to the manufacturer’s instructions.The homogeneity and molecular mass 
of the purified β-mannanase were evaluted via 12% SDS polyacrylamide gel electrophoresis. 
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Visualization of the protein bands was accomplished by staining with Coomassie Brilliant Blue G-250 
(Nacalai, Kyoto, Japan). For western blotting, proteins were electroblotted onto Immobilon-P transfer 
membrane (Merck Millipore, Cork, Ireland) from SDS polyacrylamide gel and the his-tagged β-
mannanase was allowed to react with Anti-His-tag HRP-DirecT (KDX, Aichi, Japan). The purified β-
mannanase protein was electroblotted onto the transfer membrane, stained by Ponceau S (Nacalai, 
Kyoto, Japan), and analyzed using a peptide sequencer (Procise 492-HT Protein Sequencer, Applied 
Biosystems). The protein concentration was determined via Quick Start Bradford Protein Assay (Bio-
Rad, Hercules, CA, USA) using bovine serum albumin as a standard. 
3.2.6. Enzyme assays 
  Standard β-mannanase activity was assayed via the 3,5-dinitrosalicylic acid (DNS) method 
(Miller,1959). The standard reaction was conducted at 45oC after exactly 15 min in 0.5 mL of a reaction 
mixture that contained appropriately diluted recombinant enzyme, 0.5% (w/v) LBG, and 50 mM MES 
buffer (pH 6.5). The amount of reducing sugars liberated in the enzyme reaction was assayed by mixing 
0.5 mL of the DNS solution. The mixture was heated at 100oC for 15 min and cooled on ice. The 
absorbance of the sample was measured at 540 nm. One unit of β-mannanase activity is defined as the 
amount of enzyme that liberates 1 µmol of reducing sugar per minute under a given set of experimental 
conditions. The experiment was repeated three times. 
3.2.7. Characterization of the β-mannanase activity 
To determine the optimal pH of β-mannanase activity, evaluations were conducted between pH 4.0 
and 10 under standard assay conditions using the following buffers: 50 mM Acetate buffer (pH 4.0-
5.0), MES buffer (pH 5.0-7.0), MOPS buffer (pH 7.0-8.5), and Glycine-NaOH buffer (pH 8.5-10), 
respectively. The optimal temperature of the activity was evaluated by incubating the enzyme samples 
with the substrate at temperatures ranging from 30 to 90oC in 50 mM MES buffer (pH 6.5). Thermal 
stability of the activity was determined by incubating the enzyme in 50 mM MES buffer (pH 6.5) at 45, 
50, and 55oC for a maximum of 120 min. The effect of various metal ions and chemical reagent on the 
activity was determined by incubating the enzyme in 50 mM MES (pH 6.5) containing 0.5% (w/v) LBG 
in the presence of 1 mM of CaCl2, CuCl2, CoCl2, NaCl, KCl, MgCl2, MnCl2, and ZnCl2, and 5 mM of 
EDTA. These experiments were repeated three times. 
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Relative activity of β-mannanase against LBG, ivory nut, konjac glucomannan, and porang potato 
was determined by 0.5% (w/v) of each substrate in 50 mM MES buffer (pH 6.5) at 45oC for 15 min. 
For determination of the kinetic parameters, concentrations of LBG were varied from 0.05 to 0.5% 
(w/v) and the activity of the recombinant β-mannanase was monitored in 50 mM MES buffer (pH 6.5) 
at 45oC for 30 min. The Michaelis-Menten parameters (Vmax and Km values) were estimatedby the 
Hanes-Woolf plot. These experiments were repeated three times.  
The hydrolysis products from mannan polymers by the recombinant β-mannanase were analyzed via 
TLC. The details of the method were shown earlier in Materials and Methods. Hydrolysis of mannan 
polymers was performed containing 50 mM MES buffer (pH 6.5) and 1.0 U/mLof the recombinant β-
mannanase. The reaction mixture was incubated for 0, 1, 2, 3, 4, 24, 48, and 72 h at 30oC. Additionally, 
hydrolysis of 0.5% (w/v) M1-M6 was performed containing 50 mM MES buffer (pH 6.5) and 3.1 
U/mLof the recombinant β-mannanase. 
3.2.8. Nucleotide sequence accession number 
The nucleotide sequence of the β-mannanase gene isolated from actinomycetesthe ID04-0555strain 
(BTCC B-806, GenBank database under the accession numberKY576672)has been deposited inthe 
GenBank database under the accession number LC012037. 
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3.3. Results and Discussions 
3.3.1. Screening using mannan polymers  
Recently, the mannan degrading enzyme has gained interests for application including the 
production of potentially health-promoting mannooligosaccharides (MOS) in the feed and food 
industries. Here, wescreened, cloned and characterized a β-mannanase from actinomycetes to have 
potential applications for mannan utilization, such as the production of MOS. 
At first, we screened 500 isolates to search thestrains exhibiting high mannanase activity amongthe 
actinomycetes collected by Biotechnology Culture Collection (BTCC)from Indonesian soils and leaf-
litters. These strains were cultivated in the ISP2 medium using LBG as a carbon source, then the 
qualitative analysis for the hydrolysis activity was detected using Congo red dye (such as ID04-0555 
strain shown in Fig. 1A). One strain, ID04-0555, was selected with the high activity among these 
isolates. Wealso confirmed that the hydrolysis activity of the ID04-0555 strain was induced by various 
sources of Indonesian mannan biomass, such as palm kernel cakes, copra cake, porang potato, and 
suweg potato substrates. (Fig. S1). 
To investigate hydrolytic patterns of the secreted mannan degrading enzymes from the ID04-0555 
strain, reactions were measured based on TLC analysis using the culture supernatant. The culture 
supernatant from the ID04-0555 strain was able to hydrolyze mannan polymers into oligosaccharides 
(Fig. 1B to Fig. 1E). LBG was hydrolyzed into mannose and various sizes of oligosaccharidesfor 4 h. 
Trisaccharide product was one of the major products from LBG. A similar degradation pattern was 
observed using ivory nut, instead of LBG. The hydrolysis of glucomannan, such as the konjac 
glucomannan and porang potato, also produced various oligosaccharides with trisaccharides as main 
products. 
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Fig. 1(A) Clear zone on the LBG agar medium at pH 7.0 using the culture supernatant of ID04-0555 
strain, indicating the hydrolysis of β-mannanase (0, 1, 2, 3, 4, and 5 d cultivation). (B - E) TLC analysis 
of hydrolysis products from various mannan substrates using secreted mannandegradation enzymes 
ofID04-0555, (B) LBG, (C) ivory nut, (D) konjac glucomannan, and (E) porang potato. Standards 
(STD): mannose (M1), mannobiose (M2), mannotriose (M3), mannotetraose (M4), mannopentaose 
(M5), mannohexaose (M6), and galactose (G) 
 
3.3.2. Molecular identification of the ID04-0555 strain 
The ID04-0555 strain was isolated in a soil sample collected from Cibinong, West Java, Indonesia. 
Phylogenetic analysis confirmed that the strain belongs to the family Streptomycetaceae and to the 
genus Kitasatospora. Moreover, neighbor-joining phylogenetic analysis based on a 16S rRNA gene 
sequence revealed that the strain belongs to the genus Kitasatosporaand is closely related to 
Kitasatospora cineracea and Kitasatospora niigatensis (97% sequence similarity) (Fig. 2).  
 
80 
 
 
Fig. 2 Neighbor-joining phylogenetic tree of genus Kitasatospora and positions of ID04-0555 strain 
(KY576672_K_BTCC B-806) based on 16S rRNA gene sequence analysis. Bootstrap values (>50 %) 
based on 1,000 replicates are shown at the branch nodes. The sequence of Streptomyces coelicolor DSM 
40233T was used as the outgroup. Bar, 0.005 substitutions per nucleotide position. Representative 
sequences in the dendrogram were obtained from GenBank (accession number in parentheses) 
 
3.3.3. Cloning and sequence analysis of a β-mannanase gene from the ID04-0555 strain 
In this study, oneβ-mannanase (referred to as ManKs_4-555, Fig. 3) was cloned from a 
Kitasatosporastrain exhibiting high mannanase activitywith the production of oligomannan (Fig. 2). 
We amplified a partial β-mannanase gene from the ID04-0555 strain via a PCR reaction with a set of 
primers designed by β-mannanase sequences of five Streptomyces strains from NCBI/NBRC. Then, an 
entire open reading frame of the β-mannanase sequence was identified from the partial gene sequence 
(for details of the method, see supplementary material). We obtained 1,435nucleotides in the DNA 
sequence, which revealed an open reading frame (ORF) of 1,302 nucleotides encoding a protein 
with434 amino acids and a calculated molecular mass of 41.4  kDa (referred to as ManKs_4-555) 
(Fig.3). 
Alignment of the putative amino acid sequenceshowed that the ManKs_4-555 was comprised of a 
putative N-terminal catalytic domain (from E51 to L288) and twocellulose binding modules(CBMs)at 
the C-terminus region(from A355 to V384 and from A398 to V427). Theputative catalytic domain of 
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ManKs_4-555 resembles the domain structure ofa glycoside hydrolasefamily 5 (GH5). The 
carbohydrate-binding modules are similar to that of family 10 CBMs (Fig.3). 
 
 
Fig. 3 Nucleotide and deduced aminoacid sequences of the ManKs_4-555 from ID04-0555.The stop 
codon is indicated by the asterisk. The underline and the down arrow represent the signal peptide andthe 
cleavage site, respectively. The box andthe dotted boxes represent putative catalytic domain and 
putative carbohydrate-binding modules, respectively. 
 
A BLAST search indicated that the amino acid sequence of ManKs_4-555 is closely related to that 
of Streptomyces β-mannanases(58-71%), such as Streptomyces sp. s6-204 (70%), S. lividans66 (69%) 
(Arcand et al.1993), Streptomyces sp. S27 (66%) (Shi et al.2011), S.thermolilacinus (58%) (Kumagai 
et al. 2011), and Cellulosimicrobium sp.HY-13(60%) (Kim et al.2011) (Fig. S3). The eight catalytic 
residues were conserved in the GH5 domain of ManKs_4-555 as R87, H124, N166, E167, H132, Y134, 
E161, and W189 (Fig. S3). 
3.3.4. Secreted expression of the ManKs_4-555 in an heterologous host  
The ManKs_4-555β-mannanase gene, fused to a sequence encoding a histidine tag at the C-terminal, 
was ligated withthe pUC702 vector under the control of theStreptoverticillium cinnamoneum 
Phospholipase D promoter (Ogino et al., 2004). The constructed vector (referred to as pUC702-pro-
ManKs-(His)6, Table S1) was transformed into Streptomyces lividans 1326, whichhas been employed 
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as a host strain for recombinant protein expression. The transformant strain was named S. lividans 
1326/pUC702-pro-ManKs-(His)6 (Table S1). 
After the secretedrecombinant β-mannanase was expressedinthe host strain, the culture supernatant 
was analyzed by SDS-PAGE and western blotting(Fig. 4A). A single protein band corresponding to the 
β-mannanase was observed, whereas no protein band was observed in the supernatant from eitherS. 
lividans1326 wild-type strain orS. lividans 1326/pUC702-pro strain, which is a transformant harboring 
the pUC702-provector as a control (Fig. 4A and Table S1). Maximum β-mannanase activity ofthe 
culture supernatant from S. lividans 1326/pUC702-pro-ManKs-(His)6, S.lividans 1326 wild-type, and 
S. lividans 1326/pUC702-pro strains reached 84 U/mL, 0.39 U/mL, and 0.41 U/mL, respectively, after 
cultivation at 28oC for 72 h. Theseresults indicated that the recombinant β-mannanase was expressed in 
S. lividans 1326/pUC702-pro-ManKs-(His)6 strain.The maximum yield was 1.4 mg based on a 100 mL 
culture scale after purification. N-terminal amino acid sequence analysis (A-T-T-G-I-H-V-A-N-G) 
using a peptide sequencerindicated that the recombinant β-mannanase had a signal peptide from M1 to 
A37,and the sequence between A37 and A38 was cleaved during the secretory process. 
3.3.5. Characterization of the recombinantManKs_4-555 
In the characterization studies of the ManKs_4-555, the optimal value for pH and temperature was 
similar to that of Streptomyces β-mannanases reported previously (Table 3). The effect of pH on 
theManKs_4-555 activity was evaluated in 50 mM of various buffers at 45oC for 15 min using LBG as 
a substrate. The maximum activity was observed at pH 6.5, and more than 80% of the maximum activity 
was detectable in the neutral pH region of 6.0-7.0 (Fig. 4B). The maximum activity was observed at 
temperature at 65oC (pH 6.5), and approximately 100% of the maximum activity was detectable at 45oC 
for a maximum of 2 h (Fig. 4C and Fig. 4D). 
On the other hand, the specific activity of the ManKs_4-555 using LBG at 45oC was high compared to 
other Streptomyces β-mannanase, although the enzyme assaywas different in each experiment 
(S.lividans 66 (876 U/mg) (Arcand et al., 1993), Streptomyces sp. S27(2107 U/mg) (Shi et al., 2011), 
S.thermolilacinus (61 U/mg) (Kumagai et al., 2011), and S. ipomoea CECT 3341 (56 U/mg) (Montiel 
et al., 2002) (Table3)). The ManKs_4-555 also efficiently hydrolyzed ivory nut (linear mannan) and 
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konjac (glucomannan), including mannan biomass in Indonesia such as porang potato glucomannan, in 
addition to LBG (galactomannan) (Table 2).  
 
Fig.4 (A)SDS-PAGE and western blotting of the recombinant β-mannanase (ManKs_4-555) 
expressedin S. lividans 1326;STD, molecular weight marker; lane 1, the culture supernatant from 
S.lividans 1326 (wild type); lane 2, the culture supernatant from S. lividans 1326/pUC702-pro; lane 3, 
the culture supernatant from S. lividans 1326/pUC702-pro-ManKs-(His)6before purification; lane 4, the 
purified β-mannanase (ManKs_4-555). (B) Effect of pH on the β-mannanase activity of the ManKs_4-
555 containing 0.5% (w/v)LBG. Activity was measured at 45oCusing the following buffers: Acetate 
buffer (pH 4.0-5.0, filled diamond), MES buffer (pH 5.0-7.0, filled square), MOPS buffer (pH 7.0-8.5, 
filled triangle), and Glycine-NaOH buffer (pH 8.5-10, filled circle).The ManKs_4-555 activity at pH 
6.5 was taken to be 100%. (C) Temperature dependence of the ManKs_4-555. Activity was measured 
at 30-90 oC using 50 mM MES buffer (pH 6.5) containing 0.5% (w/v) LBG. The β-mannanase activity 
at 65 oC was taken to be 100%. (D) Thermal stability of the ManKs_4-555. Activity was measured at 
45 oC (circle), 50oC (square), and 55oC (diamond) using 50 mM MES buffer (pH 6.5) for a maximum 
of 120 min. The β-mannanase activity at the start point was taken to be 100%. 
 
    
The activity of ManKs_4-555 was enhanced with Co2+ and Mn2+ ions (Table 1). Slight increases 
(approximately 1.3 and 1.2- fold of its original activity) of ManKs_4-555 activity were observed in the 
presence of divalent cations (each 1 mM) such as Co2+and Mn2+.The activity of some Streptomyces β-
mannanases was reported to be enhanced withMn2+ ion (Shi et al.2011;Montiel et al.2002), whereas the 
activity of these β-mannanases was not reported to be enhanced with Co2+ ion. Cellulosimicrobium sp. 
strain HY-13β-mannanase, which has the corresponding amino acid sequences to the ManKs_4-555, 
84 
 
had a similar tendency to enhance the activity withCo2+ and Mn2+ ions (Kim et al. 2011). In contrast, 
the activity of ManKs_4-555 wasinhibited withZn2+ ion (Table 1). The inhibition of ManKs_4-555 
exerted by metal ions such as Cu2+(6.5%), Zn2+ (57%), and metal chelator EDTA (38%) (Table 1). Some 
β-mannanases from Streptomyces strains (Kumagai et al.2013) and Cellulosimicrobium sp. (Kim et 
al.2011) had a similar tendency to inhibit the activity withZn2+ ion. The ManKs_4-555is presumably 
sensitive by the metal ion, because the activity of the β-mannanasewasinhibited with EDTA(Table 1). 
 The specific activity and kinetic parameters of the ManKs_4-555 were determined using LBG as a 
substrate. The specific activity of the ManKs_4-555 was 944 ± 54 U/mg under standard conditions (as 
mentioned in the Materials and methods). Km and Vmax values of 0.55 mg/mL and 1054 mol/min/mg 
were determined using 0.05%-0.5% LBG.The hydrolytic activity of the ManKs_4-555 was assayed 
against various mannan polymers assubstrates. The ManKs_4-555 hydrolyzes LBG galactomannan, 
ivory nut, konjac glucomannan and porang potato glucomannan with a relative hydrolysis of 100, 40, 
90, and 65, respectively (Table 2).  
3.3.6. Hydrolysis of Mannan Polymersusing the recombinant ManKs_4-555 
To investigate the hydrolytic pattern of mannan polymer, reactions with various mannan substrates 
were evaluated based on TLC method using the recombinant ManKs_4-555. The hydrolytic patterns of 
each mannan polymer usingtheManKs_4-555 are shown in Fig. 5. The ManKs_4-555 has the ability to 
hydrolyze some substrates such as LBG, ivory nut, konjac glucomannan, and porang potato for up to 
72 h of reaction time. The β-mannanase produced various lengths of oligosaccharides from LBG (Fig. 
5A). On the other hand, the β-mannanase produced mannobiose, mannotriose, and mannotetraose from 
ivory nut as the main products (Fig. 5B). From glucomannan such as konjac glucomannan and porang 
potato, the β-mannanase produced the oligosaccharides which were presumably derived from 
disaccharide, trisaccharide, and tetrasaccharide (Fig. 5C and 5D). The ManKs_4-555 was different from 
the extracellular enzymesof the wild-type ID04-0555 strain in the production of oligosaccharides 
(trisaccharides as the main product from the enzymesof the ID04-0555 strainin Fig. 1B and 1C). Other 
mannan degradation enzymes might be also secreted from the ID04-0555 strain with the exception of 
the ManKs_4-555. In addition, the ManKs_4-555was different from some previous reported 
Streptomyces and Cellulosimicrobium β-mannanases, which showed the corresponding amino acid 
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sequences to the ManKs_4-555, in the mannan degradation pattern.  For example, Streptomyces sp. S27 
β-mannanase produced trisaccharide (22.14%) as the main product from mannose to pentasaccharide 
among the products of LBG (Shi et al., 2011), and S. thermolilacinus β-mannanase produced 
disaccharide and trisaccharide from LBG (Kumagai et al., 2011). The Cellulosimicrobium sp. strain 
HY-13 β-mannanase produced the mannan polysaccharide to primarily pentasaccharidefrom LBG, but 
the β-1,4-mannanase produced M4 (25.2%) and various lengths of oligosaccharides from ivory nut 
mannan (Kim et al., 2011). Some β-mannanases other than actinomycetes were reported to produce 
mainly mannobiose and mannotriose from ivory nut mannan (Ademark et al., 1998; Sachslehner and 
Haltrich, 1999; Stålbrand et al., 1993; Jiang et al., 2006). Several reported β-mannanases, such as 
Bacillus subtilis WY34 and Penicillium occitanis Pol6, were similar to the ManKs_4-555 in the 
degradation pattern of copra mannan or ivory nut mannan (Jiang et al., 2006; Blibech et al., 2010). We 
also analyzed the hydrolysis of mannose and oligosaccharides (from mannobiose to mannohexaose) 
using theManKs_4-555 (Fig. S2). The substrates from mannose to mannotetraose were hardly 
hydrolyzed by the β-mannanase, whereas mannopentaose and mannohexaose were hydrolyzed into 
mannobiose, mannotriose, and mannotetraose (Fig. S2). The ManKs_4-555showed the production of 
oligosaccharides from various mannan substrates, and the feature might be useful for the production of 
MOS based on mannan biomass. 
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Fig. 5 TLC analysis of hydrolysis products from various mannan substratesusing theManKs_4-555,(A) 
LBG, (B) ivory nut, (C) konjac glucomannanan, and (D) porang potato. Standards (STD) : mannose 
(M1), mannobiose (M2), mannotriose (M3), mannotetraose (M4), mannopentaose (M5), mannohexaose 
(M6), and galactose (G). 
 
Conclusion 
 In conclusions, a strain,exhibitinghigh mannanase activity with the production of oligomannan, 
was screened among actinomycetes strains isolated in Indonesia. Then, a β-mannanase was cloned and 
characterized from the strain. The β-mannanase showed favorable enzymatic characteristics, such as 
the high hydrolysis activity and the production of oligosaccharides from various mannan including raw 
mannan polymers. These properties suggest the potential utilization of the ManKs_4-555 (or also the 
mother strain) for basic and applied research in biodegradation of raw mannan biomass and prebiotics. 
We examined one of actinomycetes species, which have not been previously reported for the cloning 
of β-mannanase. The investigation of actinomycetes strains might be potentially useful to obtain β-
mannanases with varied enzymatic properties due to the varieties of strains.  
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5. Supporting information 
 
Figures 
 
 
 
 
 
 
Fig. S1 Clear zone on the LBG agar medium at pH 7.0using the culture supernatantofthe ID04-0555 
strain (0, 1, 2, 3, 4, and 5 d cultivation) using varioustypes of mannan biomass (LBG, porangpotato, 
copra cake, palm kernel cake, and suweg potato) as carbon sources indicating the hydrolysis of β-
mannanase.  
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Fig. S2 TLC analysis of hydrolysis products from mannose and oligomannans (from mannobiose to 
mannohexaose)usingthe recombinant ManKs_4-555 for 1 and 4 h.Each substrate concentration was 
0.5% in 50 mM MES buffer (pH 6.5)at 30oC. 
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Fig. S3 Multiple alignment of amino acid sequences for theβ-mannanase from Kitasatospora sp. 
Numbers on the left are the residue numbers of the first amino acid in each line. Sequences listed include 
those of β-mannanase from Kitasatospora sp. (K. sp) in this study, Streptomyces sp. s6-204 
(ABY90130), Cellulosimicrobium sp. HY-13(AEE43708), Streptomyces lividans (S. lividans1326, 
AAA26710), Streptomyces sp. S27 (ADK91085), and Streptomyces thermoluteus(AB602047). 
Identical and similar amino acids are shaded in black and grey, respectively. Highly conserved amino 
acid residues that play an important role in the catalyticreaction are indicated by asterisk. 
 
 
 
  
K. sp 0 -------------------------------------------------------------------------------- 0
S. sp. s6-204 1 MLLGNSRSGNEHGLATGLVNRPRESPIDAKSVVRSIDMTETLSGLIGNGGPFPVRAAEPVPPSPCQAPYRLGFLPGQRCR 80
C. sp. HY-13 0 -------------------------------------------------------------------------------- 0
S. lividans 1326 0 -------------------------------------------------------------------------------- 0
S. S27 0 -------------------------------------------------------------------------------- 0
S. thermolilacinus  0 -------------------------------------------------------------------------------- 0
K. sp 1 --------------------MEKPPS--RRALTAAGAAVAAVFGLLFSVFGFAP--GSAEAATTGIHVANGRIYEANGNQ 56
S. sp. s6-204 81 VVQEGAGRKVSSCPHHLRSNMAKQPR--RLLRTVAGTAFAAALGLLASVLGPSV--GEAEAAPAGIRVHNGRVYEANGNE 156
C. sp. HY-13 1 ----------------------------------MRRLFAIVLGAVLALLAVPALAQGASVASDGFSVQDGRIYDANGNR 46
S. lividans 1326 1 -----------------------MRNARSTLITTAGMAFA-VLGLLFALAGPSA--GRAEAAAGGIHVSNGRVVEGNGSA 54
S. S27 1 --------------------MEKRPRRKRKLPAFVAAALAGLVGMLLPAFG--P--ADEAEAATGIRVGNGRVYEANGNE 56
S. thermolilacinus  1 ------------MRTAPPAPPGRSLRGLLAALVGLLVLAVGGAPAAARTAPPGSAGQPPDAAVTGLHVQGGRLLEGNGND 68
K. sp 57 FVMRGVNHAYAWYPGQTTAIADIASRGANAVRVVLSNGDRWTRTTTAQVSALIAQCKAAKVICVLEVHDTTGYGEDAAAT 136
S. sp. s6-204 157 FVMRGANHAYAWYPQQTTSIADIAAKGANTVRVVLGSGDRWTETSASQVSTIIGQCKANKVICVLEVHDTTGYGEDGAAA 236
C. sp. HY-13 47 FVPVGVNHAHAWYPSQTQSFADIRAAGANTVRVVL-SGGRYGTSSAADVSAVVERCKQNQLVCILENHDTTGYGEDGSAR 125
S. lividans 1326 55 FVMRGVNHAYTWYPDRTGSIADIAAKGANTVRVVLSSGGRWTKTSASEVSALIGQCKANKVICVLEVHDTTGYGKDG-AT 133
S. S27 57 FVMRGVNHAHAWYPNRTGSIAHIKAKGANTVRVVLANGDRWTRTSASEVSSIIGQCKQNRLICVLEVHDTTGYGEDGAAT 136
S. thermolilacinus  69 FVMRGVNHAHTWYPGQTRSLADIKALGANTVRVVLSDGHRWTRNGPADVAAVIDRCKANRLICVLEVHDTTGYGEEPAAG 148
K. sp 137 TLDRAAQFWVDNKS-ALDGQESHVVVNIANEPWGNSGYTAWTAATKSAVAKLRGAGIHHALMVDGPNWGQDWSNTMRDNA 215
S. sp. s6-204 237 TLDQAADYWIGVKS-ALEGQEDYVVVNIGNEPFGNSNYAAWTDATKSAIGKLRSAGLRHALMVDAPNWGQDWSHTMRNNA 315
C. sp. HY-13 126 SLASAAQYWTSIAS-VLRGQERYVMINIGNEPFGNSGFQSWTTDTIAAIRTLRAAGLDHTLVVDAPNWGQDWSFTMRDNA 204
S. lividans 1326 134 SLDQAGDYWVGVKSAAWRAQEDYVVVNIGNEPFGNTNYAAWTDATKSAIGKLRGAGLGHALMVDAPNWGQDWSGTMRSNA 213
S. S27 137 SLSRAADYWIGVKS-ALEGQENYVVINIGNEPFGNNGYDRWTSDTIAAVQKLRNAGFDHALMVDAPNWGQDWSNTMRNNA 215
S. thermolilacinus  149 TLDHAADYWISLMD-VLAGQEDYVIVNIGNEPWGNTDPAGWTAPTIAAVKKLRAAGLAHTLMIDAPNWGQDWQGVMRADA 227
K. sp 216 ASVLAADPDRNTIFSIHMYGVYNTAAKVQAYLNAYTSAQLPIVVGEFGAQHSD-GDPDEDAIMATAQTQGIGYLGWSWSG 294
S. sp. s6-204 316 ASVFASDPDRNTIFSIHMYGVYDTAAEVQDYLNHFVNNGLPLVVGEFGDQHSD-GNPDEDAIMATAQSLRIGYLGWSWSG 394
C. sp. HY-13 205 PTV--AAADGNVVFSVHMYGVFDTGAEVRAYLDSFTSRGLPIMVGEFGDNHSD-GNPDEATIMSYTRSQGIGMLGWSWSG 281
S. lividans 1326 214 ASVFASDPDRNTVFSIHMYGVYDTAAEVRDYLNAFVGNGLPIVVGEFGDQHSD-GNPDEDAIMATAQSLGVGYLGWSWSG 292
S. S27 216 STVFNSDPDRNTIFSIHMYGVYNTASEVQSYLNHFVGNRLPIVVGEFGHNHGD-GDPDENAIMATAQSLRVGYLGWSWSG 294
S. thermolilacinus  228 RSVYEADPTGNLLFSIHMYSVFDTAAEIDDYLEAFVDAGLPLVIGEFGGPPDQWGDPDEDTMLAAAERLRLGYLAWSWSG 307
K. sp 295 NGGGVEYLDLVNAFDRNSLTAWGNRLFNGANGIAA-TARTATVYTGGTPTAPATASPTATKAPNGYPYC-ASASSDPDGD 372
S. sp. s6-204 395 NGSGVEYLDMVNGFDPGSLTNWGNRFFNGSNGIAA-TSERATVYGSG------DGGGDGGTAPNGYPYCVNGSSSDPDGD 467
C. sp. HY-13 282 NGGGVEYLDMVNGFSASSLTPWGQRFVHGADGLRARNAPAASVYGGD----GGDGDGGAGTAPNGYPYC-ASASSDPDGD 356
S. lividans 1326 293 NGGGVEYLDMVNGFDPNSLTSWGNRILYGSNGIAA-TSRTATVYGGG-------GGSTGGTAPNGYPYCVNGGASDPDGD 364
S. S27 295 NGGGVEYLDMVNGFDPNSLTGWGQRFFNGANGISA-TSREATVYGGG------SGGGSGGTAPNGYPYCVDGSASDPDGD 367
S. thermolilacinus  308 NTDPV--LDLAIGFDPDRLSGWGQRVFHGVHGIGE-TSREATVFGGETPGDTRPPAAPGAPVASAVTAASATLTWPAATD 384
K. sp 373 GWGWENSASCVVRGGKADTGAS-A----TKAPNGYPYC-ASASSDPDGDGWGWENSASCVVRGGKADH------------ 434
S. sp. s6-204 468 GRGWENNRSCVVRGSSADTGSSDG----GTAPNGYPYCVNGSSSDPDGDGWGWENNRSCVVRGSFADH------------ 531
C. sp. HY-13 357 GWGWESSASCVVRGSSADTGSGGGSGSGSTAPNGYPYC-ASASSDPDGDGWGWESSASCVVRGSSADR------------ 423
S. lividans 1326 365 GWGWENSRSCVVRGSAADH------------------------------------------------------------- 383
S. S27 368 GWGWENQRSCVVRGSAADG------------------------------------------------------------- 386
S. thermolilacinus  385 DVGVTGYEVVRVTGDTETRVAASTTPTATLTGLTAGTTYTFAVYARDAAGNRSPRSATVTVTTDQGGGTPGTACSVAYRV 464
K. sp 434 -------------------------------------------------------------------------------- 434
S. sp. s6-204 531 -------------------------------------------------------------------------------- 531
C. sp. HY-13 423 -------------------------------------------------------------------------------- 423
S. lividans 1326 383 -------------------------------------------------------------------------------- 383
S. S27 386 -------------------------------------------------------------------------------- 386
S. thermolilacinus  465 VNEWPGGFQGEITLRNTGTAALGGWTLGFTFRDGQTITHMWGGTATRDGAEVTVAPAPYTSTVPAGGSVTLGFTGGRGTA 544
K. sp 434 ----------------- 434
S. sp. s6-204 531 ----------------- 531
C. sp. HY-13 423 ----------------- 423
S. lividans 1326 383 ----------------- 383
S. S27 386 ----------------- 386
S. thermolilacinus  545 NTAPTAFTVNGTPCAIG 561
K. sp 
S. sp s6-204 
C. sp. HY-13 
S. lividans 1326 
S. S27 
 thermolilacia us 
K. sp 
S. sp s6-204 
C. sp. HY-13 
S. lividans 1326 
S. S27 
S. thermolilacianus 
K. sp 
S. sp s6-204 
C. sp. HY-13 
S. lividans 1326 
S. S27 
S. thermolilacianus 
K. sp 
S. sp s6-204 
C. sp. HY-13 
S. lividans 1326 
S. S27 
ermolilacia
K. sp 
S. sp s6-204 
p. HY-13 
ividans 1326 
27 
ermolilacia
K. sp 
 s6-204 
HY-13 
dans 1326 
S. thermolilacianus 
K. sp 
S. sp s6-204 
C. sp. HY-13 
lividans 1326 
27 
hermolilacia
K. sp 
S. sp s6-204 
. HY-13 
idans 1326 
7 
molilacia
K. sp 
S. sp s6-204 
 HY-13 
idans 1326 
 
molilacia
* 
*
 
* * * 
* * 
* 
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Table 
Table S1 Plasmids, strains or oligonucleotide primers used inthis study. 
Plasmids, strains or 
oligonucleotide primers 
Relevant features 
Plasmids  
pUC702-pro 
Versatile vector for protein expression; thiostrepton resistance marker; pldpromoter; 
pld terminator; rep, replication gene from pIJ101; MCS sphI-NheI-PstI-HpaI-BglII; 
sizes 8600 bp 
pUC702-pro-ManKs-(His)6 
Vector for secreting β-mannanase ; thiostrepton resistance marker; pldpromoter; pld 
terminator; rep, replication gene from pIJ101; sizes 10000 bp 
Strains  
 Streptomyces lividans1326 WT strain (NBRC 15675) 
 
S.lividans1326/pUC702-pro 
 
Transformant harboring  pUC702-pro 
S.lividans1326/pUC702-pro- 
ManKs-(His)6 
 
Transformant harboring  pUC702-pro-ManKs-(His)6 
Oligonucleotide primers  
     man5A_Ks_univF GTGCACGACACCACCGGCTAC 
     man5A_Ks_univR GGACCAGTCCTGGCCCCAGTT 
     S1_up CGCGCTCTTGTTGTCGACCCAGAACTG 
     S2_up GTAACCGCTGTTTCCCCAGGGCTCG 
     S1-1_down CCAGTTCTGGGTCGACAACAAGAGCG 
     S2-1_down CGAGCCCTGGGGAAACAGCGGTTACAC 
     S1-2_down TTCGGCGCGCAGCACAGCGACGGCGA 
     S2-2_down CCCGCACGAGGACGCCATCATGGCCAC 
     man_SphI_F TAAGGATGCAGCATGGAAAAGCCGCCGAGCCG 
     man_BglII_R_His6 
AGTCGTCTCAAGATCTTCAGTGGTGGTGGTGGTGGTGGTCGGCCTTGCCG
CCCC 
     9F AGRGTTTGATCMTGGCTCAG 
     1510R TACGGYTACCTTGTTAYGACTT 
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Chapter 4 
Xylanase and relative family from Indonesia Bioresources for Food applications 
 
4.1.  Introduction 
   Lignocellulosic biomass is recognized as a potential sustainable source for production of power, 
biofuels, and a variety of commodity chemicals (Adsul et al., 2011). The structure of lignocellulosic 
biomass is complex and contains a significant proportion of tightly bound hemicellulose and lignin that 
forms lignin-carbohydrate complexes (Peng et al., 2015). The most abundant hemicelluloses in nature 
is xylan which contains mainly β-D-xylopyranosyl residues linked by β-1,4-glycosidic bonds (Beg et 
al., 2001). The hemicellulosic fraction could be converted into high value products, such as 
xylooligosaccharides (XOS), D-xylose (X1) and D-glucose (Samanta et al., 2012). Xylose, the main 
building block for the hemicellulose xylan, a biotechnologically-relevant sugar can be fermented for 
bioethanol production by C5-fermenting microorganisms (Sedlak and Ho., 2004), as precursor for 
synthesis of chemical compounds such as xylitol (Nogue and Karhumaa., 2015, Rao et al., 2016) and 
organic acids, such as succinic acid (Liu et al., 2013), which are value-added products for industry. 
Glucose, which provides the primary energy for cell metabolism, can be broadly applied in biorefinery, 
bioethanol production, medicine and food processing industry. 
XOS sugar oligomers contain 2-7 xylose units (X2-X7) linked by β-(1,4)-xylosidic bridges and are 
widely used in the food industry as ingredients and feed additives (Kumar and Satyanarayana., 2011; 
Ma et al., 2017, Seesuriyachan et al., 2017). XOS generated from lignocellulose exhibits a variety of 
biological activities such as stimulating the growth of beneficial bacteria, improving calcium 
absorption, reducing the risk of colon cancer, lowering cholesterol levels, promoting 
immunomodulatory and anti-infection properties, providing positive blood and skin-related effects, and 
promoting antioxidant and antimicrobial activity (Moure et al., 2006, Yang et al., 2007, Li et al., 2012, 
Jagtap et al., 2017).  
In term of food industry, X2 (DP = 2) is considered a XOS because the sweetness of X2 is equel to 
30% of that of sucrose and has no off taste (Vasquez et al., 2000) and X2 is known to possess the highest 
prebiotic activity in XOS with respect to the proliferation of bifidobacteria sp., which plays an important 
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role in maintaining healthy intestinal microflora (Moure, 2007, Chapla et al., 2012). Next, X2 and X3 
can be directly used in food intestinal microflora and suppress the growth of pathogenic microbiota 
(Moure 2006, Gowdhaman, 2014). Moreever, XOS ﬁnd a variety of applications as food ingredients 
for health food, such as nutrition drinks and in special food preparations for elderly people and children 
(Garrote et al., 2008, Patel and Goyal, 2012, Bian et al., 2013). 
Variety of processes have been developed in recent years to generate wide spectrum of products 
ranging from inexpensive lignocelluloses materials to high value products, such as the feasible strategy 
for the high value utilization of sugarcane bagasse (Xue et al., 2016) and corncobs (Zhang et al., 2017) 
for co-products glucose and XOS were developed. Indonesia has abundance lignocelluloses biomasses 
containing high hetero-xylan, such as plantation residues (sugarcane bagasse and empty fruit bunch) 
and agricultural residue such as, rice straw. Sugarcane bagasse and empty fruit bunch are considered 
the most valuable residue from first generation ethanol and sugar production, which can potentially be 
used to generate some value added products such as, xylooligosaccharides, chemicals, biofuels (second 
generation), and feed sugars, mainly in countries that produce large amounts of this type of agro 
industrial waste (Bragatto et al., 2013). Whereas, utilization of rice straw still limited for cleaning 
supplies, crafts, mushroom growing media, roofs and burned as fertilizer on the farm. Burning of rice 
straw produced CO2, CO and Cox (GHG) into the atmospheres that contribute to global warming 
(global warming) and respiratory diseases for farmers. These biomass is the hemicellulose has been 
reported as mainly composed by xylan polysaccharides and it is considered an excellent substrate to 
generate some high value products. Utilization of their hetero-xylan biomass by using the enzymatic 
conversion could potentially be an appropriate starting material for production of xylose, glucose and 
xylooligosaccharides (XOs). 
The structure of the xylan content and the degree polymerization in xylan and their side-chain 
substituents vary from the grasses (e.g. oat spelt), softwoods and hardwoods (beechwood, birchwood) 
(Shallom, 2003, Collins et al., 2005, Brienzo et al., 2014). Due to the diversity in chemical structure of 
xylan, it requires enzymes with different catalytic properties to completely hydrolyze xylan (Beg et al., 
2001, Weng and Sun, 2010). Complete hydrolysis of xylan involves the synergistic action of several 
main chain and side group-cleaving enzymes, including endo-β-1,4-xylanases (EC 3.2.1.8), β-D-
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xylosidases (EC 3.2.1.37), α-L-arabinofuranosidase (EC 3.2.1.55), α-glucuronidases (EC. 3.2.1.139), 
acetyl xylan esterase (EC. 3.1.1.72) and feruloyl esterase (EC.3.1.1.73).  
Extracellular endo-β-1,4-xylanases (EC 3.2.1.8, EXs) are critical enyzmes in the degradation of 
xylan that are able to cleave the β-1,4-glycosidic linkages in the xylan backbone resulting in xylose and 
various XOS. Feruloyl esterases (or ferulic acid esterases, FAEs) make up a subclass of the carboxylic 
ester hydrolases that play a key physiological role in the degradation of the intricate structure of the 
plant cell wall by hydrolyzing the ferulate ester groups involved in the cross-linking between 
hemicellulose and lignin (Beg et al., 2001, Tarbouriech et al., 2005). The most of endo-β-1,4-xylanases 
were classified into glycoside hydrolase (GH) families 10 and 11 based on the hydrophobic cluster 
analysis of the catalytic domains and similarities in the amino acid sequences (Henrissat, 1991, Verma 
et al., 2012). These enzymes can exist either as single catalytic domains or as modular proteins 
composed of one or more carbohydrate-binding modules (CBMs) appended to the catalytic core 
(Hoffmam et al., 2016). The salient feature of GH 10 family is a high molecular mass structurally 
identified as multidomain protein composed of two or more functional domains (such as carbohydrate-
binding module, fibronectin type 3 domain, and ricin-type β-trefoil lectin domain), linker peptide (Kim 
et al., 2009) and share a (β/α)δ-barrel as a catalytic domain (Subramaniyan et al., 2002). The RICIN 
domain of GH10 endoxylanase (XylM) might play a crucial role in the formation of enzyme-substrate 
complex, which promotes biocatalytic degradation of β-1,4-D-xylan polysaccharides (Kim et al., 2017). 
Whereas the moleculer weight of GH11 xylanases are lower, providing great advantage for penetrating 
into insoluble substrates (Beugrand et al., 2004) and consisting of β-jelly roll as a catalytic domain. 
GH11 Exs are more liable to be influenced by side chains (Pollet et al., 2010).  
The current barriers to industrial applications of XOS are high production cost at a low yield (Song 
et al., 2010). Enzymatic (exoxylanase) activity should be lowered during XOS production to attenuate 
the production of X1, which is known to possess the potential to inhibit XOS production (Vazquez et 
al., 2002). Moreover, the process requires enzymes with different catalytic properties to completely 
hydrolyze xylan (Beg et al., 2001, Weng and Sun, 2010). 
Multifunctional xylanolytic enzyme systems are ubiquitous among fungi, actinomycetes and 
bacteria. There is great interest in exploring the biodiversity of actinomycetes for use as xylanase 
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producer and additional auxiliary enzymes that could be added to commercial cellulases to improve 
biomass degradation and XOS production.  
Actinomycetes are gram positive filamentous bacteria widely cited in the literature as producers of 
important industrial enzymes involved in lignocelluloses degradation (Flores et al., 1997). As they have 
been recognized as dominant xylanolytic species during several processes for biomass transformation, 
their enzyme may find new applications in the pulp and paper industries and textile industries, XOS 
production and in the recovery of fermentable sugars from hemicelluloses (Belfaquih and Penninckx, 
2000). Characterization of novel actinomycetes that are capable of producing high-level hemicellulase 
seems a suitable starting point for improvments in the hydrolysis of cellulose and hemicellulose. A 
microbial regulatory network is the most advanced approach for enhanced xylanase expression, and the 
cloning of specific genes is considered to improve productivity and specificity of xylanase production 
(Ubay et al., 2016). Although, some strategy was conducted for improving special hydrolysis 
characterization by the construction of engineering microorganisms, the heterologous expression of 
novel hemicellulases still remains a considerable concern (Wu et al., 2017). Most of the protein from 
actinomycetes was found in the insoluble fraction of the bacterial cell lysate in inclusion bodies 
heterologously expressed in Escherichia coli (Delgado et al., 2010, Cruz et al., 2016). 
Streptomyces lividans may be the preferred host for proper folding and efficient secretion of active 
enzymes, whereas their use as a production hosts could overcome some of the problems encountered 
with other systems, such as they do not readily form inclusion bodies, a relatively low level of 
extracellular protease activity, the relatively established transformation system, well suited to 
expressing GC-rich genes, high copy number expression vectors derived from pIJ101 plasmid, and a 
high secretion capacity (Sevillano et al., 2016, Kashiwagi et al., 2017).  
The intention of this study was to screen actinomycetes that produce novel lignocellulose degrading 
enzymes, particularly xylanase and feruloyl esterase, using sugarcane baggase as a sole carbon source 
and applying these enzymes to the hydrolysis of agro-biomasses to produce XOS and fermentable sugar. 
Genetic engineering is regarded as a promising strategy for further improvement of enzyme in related 
to their ability for functional food and biorefinery application. So, in the present work also was reported 
the heterologous expression high activity of two endo-1,4-β-xylanase (GH-10 and GH-11) from the 
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selected strain in Streptomyces lividans, and the biochemical properties were also investigated. To 
further explore the hydrolytic activity from these enzymes to commercial and complex substrate, alkali 
extracted xylan of sugarcane bagasse for simple co-production XOS and xylose without inhibits XOS 
production was also investigated. 
 
4.2. Material and methods 
4.2.1. Sugarcane bagasse preparation 
The sugarcane bagasse used in this study was obtained from a sugarcane factory, PG Rajawali, at 
Subang, West Java, Indonesia. The sugarcane bagasse was sun-dried, ground, and sieved for material 
with particle sizes equal to a 40-60 mesh. The material was kept in sealed plastic bags that were stored 
in a container.   
4.2.2. Biomass pretreatment 
The sugarcane bagasse was pretreated with 3% sulfuric acid in an Erlenmeyer flask with solid 
loading of 6% (w/w) by exposured to heat treatment in an autoclave (121 °C) for 60 min. The soluble 
and insoluble fractions were separated by filtration. The insoluble fraction (pulp) was neutralized using 
1% NaOH and then washed with distilled water. The pulp was kept in plastic bags and stored in a 
refrigerator for further analyses.  
4.2.3. Chemical component analysis 
The samples of untreated and pretreated sugarcane bagasse were analyzed for contents of moisture, 
ash, and for extractive elements such as lignin, holocellulose and α-cellulose. The determination of 
moisture, ash, and extractive content was conducted according to the TAPPI Test Method T 264 cm-97 
(TAPPI 1997a), TAPPI Test Method T 211 om-02 (TAPPI 2002), and TAPPI Test Method T 204 cm-
97 (TAPPI 1997b), respectively. Acid insoluble lignin content was determined based on the Laboratory 
Analytical Procedure (LAP) established by the National Renewable Energy Laboratory (NREL) (Sluiter 
et al., 2008), while the determination of holocellulose and α-cellulose content referred to the Wise (Wise 
et al., 1946) and Rowell methods (Rowell et al., 2005), respectively. The hemicellulose content was 
obtained by the subtraction of holocellulose and α-cellulose. 
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4.2.4. Strains, materials and chemicals 
The actinomycetes strains used in this study were obtained from the Biotechnology Culture 
Collection (BTCC), Indonesian Institute of Sciences (LIPI). Xylan beechwood, CMC, and ethyl 4-
hydroxy-3 methoxy-cinnamate (hereafter, ethyl ferulate) were purchased from Sigma-Aldrich (St. 
Louis, Mo. USA). Whatman filter paper no.1 was purchased from Sigma-Aldrich. All other reagents 
were of the highest grade available. Xylose (X1) was purchased from Sigma-Aldrich, and xylobiose 
(X2), xylotriose (X3), xylotetraose (X4), xylopentaose (X5), xylohexaose (X6) were purchased from 
Megazyme (Wicklow, Ireland). 
4.2.5. Culture and growth conditions 
On ISP2 agar medium, we cultured 797 strains of actinomycetes for producing xylan-degrading 
enzyme (xylanase) and 250 strains of actinomycetes for producing ethyl ferulate-degrading enzyme 
(feruloyl esterase). The actinomycetes were grown at 28 oC in 5 ml ISP2 medium (liquid) for 3 days. 
The composition of the ISP2 medium was as follows (w/v): 0.4 % yeast extract, 1% malt extract, and 
0.4% glucose. A test tube (10 ml) containing sterilized 5 ml ISP2 medium without glucose, plus 2.5% 
of pretreated sugarcane bagasse was inoculated with precultures of the actinomycetes strains. 
Fermentation was carried out on a rotary shaker at 28 oC, 190 rpm, and sampling was conducted every 
24 h for 7 days. The enzyme was harvested for the recovery of the xylanase and the feruloyl esterase 
from the culture supernatant by centrifugation at 13,000 rpm and 4 oC for 10 min. The crude enzyme 
supernatant was used for further analysis. 
4.2.6. Screening actinomycete strains for xylan-degrading enzyme production 
Xylanase activity of the culture supernatant against the xylan substrate was evaluated on double 
layer xylan agar plate (0.5% xylan and 1.8% agar) at sodium actetate buffer pH 4.0, 5.0 and sodium 
phosphate buffer pH 6.0 by individually spotting an aliquot of supernatant (5 µL) taken from the culture. 
The plates were then incubated at 37 oC for 3 days. Clear zones appeared around growing bacterial 
colonies indicating xylanase hydrolysis. To visualize the hydrolysis zone, the plates were flooded with 
an aqueous solution of 0.25% congo red (Nacalai, Kyoto, Japan) for 30 min, and then the plates were 
washed twice with 1M NaCl for 15 min then washed with 0.5% acetic acid to obtain a clear confirmation 
of xylan degradation. Xylan degradation around the point of inoculation appeared as a clear zone. To 
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indicate organism activity, the diameters of the clear zones around the colonies on the xylan agar were 
measured. Strains that exhibited a maximal zone of degradation (≥ 1.5 cm) were selected as potential 
strains and subjected to characterization and hydrolysis studies. 
4.2.7. Screening actinomycete strains for ethyl ferulate degrading enzymes production 
Ethyl ferulate-degrading enzyme from the culture supernatant of the strain was confirm by 
individually spotting an aliquot (5 µl) on 1.8% (w/w) double layer agar (sodium phosphate buffer, pH 
6.8) containing 0.5% (w/w) ethyl ferulate (Sigma-Aldrich). The plates were incubated at 37 oC. The 
indicator for feruloyl esterase production was the formation of a clear zone around the point of 
inoculation. 
4. 2.8. Characterization of xylanase from the ID06-480 strain and feruloyl esterase from the ID06-
94 strain 
The roles of xylanase and feruloyl esterase in biomass degradation were confirmed by measuring 
the enzymatic activity and TLC analysis of the enzymatic hydrolysis on commercial xylan using a crude 
enzyme supernatant from each cultivation of the ID06-480 and the ID06-94 strains. 
The enzymatic activity measurement was conducted via qualitative analysis using various 
concentrations of crude enzymes of supernatant from the ID06-480 and the ID06-94 strains on ethyl 
ferulate agar plate. Enzymatic hydrolysis on 0.5% (w/w) xylan beechwood was performed in 50 mM 
sodium acetate buffer (pH 5.0). The reaction mixture was incubated for 24 h at 190 rpm in a shaker 
incubator at 30 oC. The reaction mixture was withdrawn at various reaction times (0, 1, 2, 3, 4 and 24 
h) and heated at 100 oC for 5 min to terminate the reaction. The terminated mixture was spotted onto 
TLC Silica gel 60F254, 20-20 cm (EMD/Merck, Darmstadt, Germany) and developed with a mixture of n-
butanol (EMD/Merck, Darmstadt, Germany)/Acetic Acid Glacial (EMD/Merck)/water (2:1.1:1, v/v/v). 
Spots were visualized by stainning with DAP that contained diphenylamine, aniline, acetone, and 
phosphoric acid (EMD/Merck), and then subsequently heated at 120 oC for 15 min. The standards, such 
as: xylose (X1) from Sigma; xylobiose (X2); xylotriose (X3); xylotetraose (X4); xylopentaose (X5); 
xylosehexaose (X6) from Megazyme were used in this study.  
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4.2.9. Molecular identification of the ID06-480 and ID06-094 strains 
Molecular identification of the ID06-480 and the ID06-094 strains was based on the established 16S 
rRNA gene (Lisdiyanti et al., 2010). The 16S rRNA gene was amplified via a polymerase chain reaction 
(PCR) technique using a pair of 9F (3’-AGRGTTTGATCMTGGCTCAG-5’) and 1510R (3’-
TACGGYTACCTTGTTAYGACTT-5’) primers (Burggraf et al., 1992). The sequence was confirmed 
using an ABI 3130 DNA sequencer (Applied Biosystems, Foster City, CA) and then compared with 
others available in the GenBank/DDBJ/EMBL database using multiple sequence alignment (ClustalW). 
The nucleotide sequences of 16S rRNA gene from ID06-480 (BTCC B-807) and ID06-094 (BTCC B-
808) strains were deposited in the GenBank database under the accession numbers MF372512 and 
MF372513, respectively. 
4.3.0. Molecular cloning of GH-10 and GH-11 endo-1,4-β-xylanase from Kitasatospora sp., ID06-
480 for xylose and XOS production 
4.3.0.1. Strains, materials, and chemicals 
The Kitasatospora sp. strain (ID06-480, BTCC B-807, the Gen Bank database under the accession 
number MF372512) used in this study was obtained from the Biotechnology Culture Collection 
(BTCC), Indonesian Institute of Sciences (LIPI), Cibinong, Indonesia. Streptomyces lividans 1326 
(NBRC 15675) was purchased from the National Institute of Technology and Evaluation (NITE, Chiba, 
Japan). Escherichia coli JM109 (Takara, Shiga, Japan) was used as the host strain for DNA 
manipulation. 
The sugarcane bagasse used in this study was obtained from a sugarcane factory, PG Rajawali, at 
Subang, West Java, Indonesia. The sugarcane bagasse was sun-dried, ground, and sieved to obtain 
material with particle sizes equal to a 40-60 mesh. The material was maintained in sealed plastic bags 
that were stored in a container. 
Beechwood xylan, birchwood xylan and oat spelt xylan were purchased from Sigma-Aldrich (St. 
Louis, MO). All other reagents were of the highest grade available. Xylose (X1) was purchased from 
Sigma-Aldrich, Xylobiose (X2), Xylotriose (X3), Xylotetraose (X4), Xylopentaose (X5), and 
Xylohexaose (X6) were purchased from Megazyme (Wicklow, Ireland). 
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4.3.0.2. The alkali extracted xylan of sugarcane bagasse 
The xylan was extracted from sugarcane bagasse (20 g-dried weight) using 1% sodium hypochlorite. 
The obtained solid material was washed with distilled water and filtered through muslin cloth. The 
material was then immersed in a 15% sodium hydroxide solution for 24 h. The obtained mixture was 
centrifuged and the supernatant was neutralized with HCl. Centrifugation was performed to extract 
pellets of xylan, which were then freeze dried. The pellets were weighed, powdered in a mixer, and 
stored at room temperature for further analyses (Sun et al., 2002) with modification. 
4.3.0.3. Molecular cloning of GH-10 and GH-11 endo-1,4-β-xylanase from Kitasatospora sp., 
ID06-480 
4.3.0.3.1. DNA genomic extraction 
The ID06-480 strain was cultured on an inorganic salt starch agar plate. A single colony was cultured 
in TSB medium (17 g/L pancreatic digest of casein, 3.0 g/L enzymatic digest of soya bean contain 
papain, 2.5 g/L glucose, 5.0 g/L sodium chloride, and 2.5 g/L di-potassium hydrogen phosphate, Oxoid, 
Hampshire, England) for genomic DNA extraction using a method established by Kieser et al. (2000).  
4.3.0.3.2. Molecular cloning of the gene from Kitasatospora sp., ID06-480 
The Xyl10_1479 gene coding of GH-10 endo-1,4-β-xylanase and Xyl11_1020 GH-11 endo-1,4-β-
xylanase was amplified via PCR from the DNA genomic using synthetic oligonucleotide primers (Table 
1). The synthetic oligonucleotide primers were designed based on the GH-10 and GH-11 conserved 
catalytic regions from types of Streptomyces endoxylanase. A partial fragment of each gene was 
amplified by PCR reactions using KOD-FX DNA polymerase (Takara, Shiga, Japan) with a pair of the 
designed oligonucleotide primers. The partial fragment was cloned into a PCRTM-Blunt II-TOPO® 
vector (Invitrogen, Carlsbad, CA) and transformed into E.coli JM109 cells for sequencing. After 
confirming the sequence of the partial fragment, the full length of the gene was identified via PCR 
reactions from the region of the partial fragment using a LA PCRTM in vitro cloning kit (Takara, Shiga, 
Japan) according to the manufacturer’s instructions with the following oligonucleotide primers (Table 
1). The sequence was confirmed using an ABI3130 DNA sequencer. The sequence of PCR fragments 
was assembled to obtain the full length of the gene, and then amplified by PCR reactions using Prime 
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STAR GXL DNA polymerase from the genomic DNA of ID06-480 via the use of a pair of primers 
(Table 1). The recombinant plasmid was confirmed using an ABI3130 DNA sequencer. 
4.3.0.3.3. Heterologous expression, secretion and purification of the recombinant enzyme in 
S.lividans 1326 
The DNA fragments encoding Xyl10_1479 and the Xyl11_1020 endo-1,4-β-xylanase were 
introduced into the SphI and BglII sites of pUC702-pro-term (Table 1) using an In-Fusion HD Cloning 
Kit (Takara Bio Inc., Shiga, Japan). The transformations with the recombinant plasmid (pUC702-pro-
GH10 gene-(His)6 and the pUC702-pro-GH11 gene-(His)6) to S. lividans 1326 were conducted 
according to a method established by Kieser et al. (2000). Nine single colonies of transformants from 
each recombinant enzyme were inoculated into a test tube containing 10 ml of TSB medium (Becton, 
Dickinson and Company, Sparks, MD) supplemented with 5 µg/mL of thiostrepton (EMD chemicals, 
San Diego, CA), followed by cultivation at 28 oC for 3 days. The culture supernatant was analyzed by 
SDS-PAGE using chromogenic dye (Congo red) for the detection of extracellular xylanase activity in 
a xylan double-layer agar (Rahmani et al., 2018). Then, the selected transformants were cultured as 0.5 
ml of the seed culture was transferred into a baffled 500 ml shaking flask containing 100 ml of modified 
TSB medium with 30 g/L glucose (Nacalai tesque Inc., Kyoto, Japan) as a carbon source, 15 g/L 
tryptone (Nacalai tesque Inc.) as a nitrogen source, and 5 µg/mL of thiostrepton. Cultivation was 
performed at 28 °C for 3 days. 
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Table 1. Plasmid and primers used in this study 
 
 
 
Plasmids or primers Relevan features 
Plasmid 
pUC702-pro-term Versatile vector for protein expression; thiostrepton resistance 
marker; pld promotor; rep, replication gene from pIJ101; MCS 
sphI-NheI-PstI-HpaI-BglII; sizes 8600 bp 
pUC702-pro-gene-(His)6 Vector for secreting xylanase; thiostrepton resistance marker; Pld 
promotor; rep, replication gene from pIJ101; size 10000 bp 
Strains 
Streptomyces lividans 1326 WT strain 
S.lividans 1326pUC702-pro-term Transformant harboring pUC702-pro-term 
S.lividans 1326pUC702-pro- 
Xyl10_1479Ks-(His)6 
Transformant harboring pUC702-pro-Xyl10_1479Ks-(His)6 
S. lividans1326/pUC702-pro-
Xyl11_1020Ks-(His)6 
Transformant harboring pUC702-pro-Xyl11_1020Ks-(His)6 
Oligonucleotide Primers 
β-endo xylanase GH family 10 Orientation Sequence (5′ to 3′) 
Xylan G10Kitadg F1 Forward GAG ATG AAG TGG GAC 
Xylan G10Kitadg F2 Forward TAC GCC TGG GAC GTC 
Xylan G10Kitadg R1 Reverse GCGGATGCCCCAGAC 
Xylan G10Kitadg R2 Reverse CAGGACGCGGCCGGC 
480_G10_SF1 Forward CAGCTGACCGAACTCGACATCGCC 
480_G10_SF2 Forward GTACGCCAACGCCGTCCAGGCGTGCC 
480_G10_SR1 Reverse CATCACGCTGCGCAGCGTGTTGGCGTC  
480_G10_SR2 Reverse CCAGACCAGGGTGTGGCCGCGCATC 
480_G10_SphI_F Forward TAAGGATGCAGCATGCCACGGCTCAACGG
GAAG 
480_G10_Bgl II_R_His6 Reverse AGTCGTCTCAAGATCTTCAGTGGTGGTGGT
GGTGGTGCTTGAAGGCCCAGTGCTG 
β-endo xylanase GH family 11 Orientation Sequence (5′ to 3′) 
Xylan G11C2dg F1 Forward CCSWSSGGSAACGCSTAC  
Xylan G11C2dg F2  Forward GGSACSTACGACATCTAC  
Xylan G11C2dg R1  Reverse GTTSCCSBWSCCGTTSGG  
Xylan G11C2dg R2  Reverse SSWSACSGTSGGCCASGT  
480_G11_SF1  Forward TGGAGCGACCGCTACAACCTGAACGTC 
480_G11_SF2  Forward GCCACCTGGAACGTCAACGCCAGCTACCC
C 
480_G11_SR1  Reverse TGGTGCCGAGGTTCATGCCGTGCTGGGC 
480_G11_SR2  Reverse TTGGACTGGCGGACGCTCCAGTACTGGTT
G 
480_G11_SphI_F Forward TAAGGATGCAGCATGAAGATCCCCCACAA
GG 
480_G11_Bgl II_R_His6 Reverse AGTCGTCTCAAGATCTTCAGTGGTGGTGGT
GGTGGTGGTTGAGGCTGCAGCTGAC 
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4.3.0.3.4. Heterologous expression, secretion and purification of the recombinant enzyme in 
S.lividans 1326 
The DNA fragments encoding Xyl10_1479 and the Xyl11_1020 endo-1,4-β-xylanase were 
introduced into the SphI and BglII sites of pUC702-pro-term (Table 1) using an In-Fusion HD Cloning 
Kit (Takara Bio Inc., Shiga, Japan). The transformations with the recombinant plasmid (pUC702-pro-
GH10 gene-(His)6 and the pUC702-pro-GH11 gene-(His)6) to S. lividans 1326 were conducted 
according to a method established by Kieser et al., (2000). Nine single colonies of transformants from 
each recombinant enzyme were inoculated into a test tube containing 10 ml of TSB medium (Becton, 
Dickinson and Company, Sparks, MD) supplemented with 5 µg/mL of thiostrepton (EMD chemicals, 
San Diego, CA), followed by cultivation at 28 oC for 3 days. The culture supernatant was analyzed by 
SDS-PAGE using chromogenic dye (Congo red) for the detection of extracellular xylanase activity in 
a xylan double-layer agar (Rahmani et al., 2018). Then, the selected transformants were cultured as 0.5 
ml of the seed culture was transferred into a baffled 500 ml shaking flask containing 100 ml of modified 
TSB medium with 30 g/L glucose (Nacalai tesque Inc., Kyoto, Japan) as a carbon source, 15 g/L 
tryptone (Nacalai tesque Inc.) as a nitrogen source, and 5 µg/mL of thiostrepton. Cultivation was 
performed at 28 °C for 3 days. 
The recombinant his-tagged enzyme was purified using Ni SepharoseTM excel (GE Healthcare, 
Uppsala, Sweden) according to the manufacturer’s instructions. The homogeneity and molecular mass 
of the purified enzymes (GH-10 endo-1,4-β-xylanase and GH-11 endo-1,4-β-xylanase) were evaluted 
via 12% (w/v) polyacrylamide gel electrophoresis according to a protocol proposed by Laemmli (1970). 
Visualization of the protein bands was accomplished via staining with Coomassie Brilliant Blue G-250 
(Nacalai tesque Inc.).  
4.3.0.4. Enzymatic activity assay 
The polysaccharide beechwood xylan was used to measure the GH-10 and the GH-11 endo-1,4-β-
xylanase. The enzymatic reaction consisted of the substrate (0.5% w/v) and sodium acetate buffer (0.05 
M) at pH 5.0, and 50 µL of the purified enzyme (diluted) incubated at 50 oC in a block incubator for 15 
min. The reaction was stopped via the addition of 500 L of 3,5-dinitrosalicyclic acid (DNS) that was 
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immediately boiled for 5 min in water and cooled on ice for 10 min (Miller, 1959). One enzyme unit 
was defined as the quantity of enzyme that released one µmol of reducing sugar per minute reaction. 
4.3.0.5. Enzyme characterization 
The optimum pH for the GH-10 and GH-11 forms of endo-1,4-β-xylanase were determined by 
incubation under standard assay conditions using the following various pH buffers: 50 mM sodium 
acetate buffer (pH 3.0–5.0), sodium citrate buffer (pH 3.0–5.0), sodium phosphate buffer (pH 6.0–8.0), 
and Tris HCl buffer (pH 7.0-9.0). The optimum temperature for the enzyme activity was determined 
using standard assay conditions at temperatures ranging from 30 to 100 °C in 50 mM sodium acetate 
buffer (pH 5.0). The results were expressed as activity relative to values obtained by either optimum 
pH assay or optimum temperature assay. 
The temperature stability of the enzyme was determined by measuring the remaining activity after 
incubating the enzyme at various times (0, 30, 60, 90, and 120 min) at 45, 50 and 55 oC in the absence 
of a substrate in 50 mM sodium acetate buffer (pH 5.0). The activity without pre-incubation was defined 
as 100%. 
The effect that various metal ions and chemical reagents exerted on GH-10 and GH-11 endo-1,4-β-
xylanase activity was determined by incubating the enzyme in 50 mM sodium acetate buffer (pH 5.0) 
in the presence of CaCl2, CuCl2, CoCl2, NaCl, KCl, MgCl2, MnCl2, and ZnCl2 for a final yield of 
10 mM, then EDTA was determined at final yields of 5 mM and 10% of the chemical reagents (PEG-
6000, SDS, methanol, triton-X100, ethanol, isopropanol). Each enzyme was incubated with each 
reagent for one hour at room temperature before the addition of xylan to initiate the reaction. The 
activity of an enzyme without the addition of metal ions or chemical reagents was defined as 100%.  
Substrate specificity of the enzymes was determined using different cellulose and hemicellulose 
substrates. Reactions were performed in 50 mM sodium acetate buffer (pH 5.0) containing 0.5% (w/v) 
of each substrate at 50 °C for 15 min. These experiments were repeated three times. 
4.3.0.6. Nucleotide sequence accession number 
The nucleotide sequences of the GH-10 and GH-11 endo-1,4-β-xylanase genes were isolated from 
a Kitasatospora, sp. (BTCC B-807, GenBank database) were deposited in the GenBank/DDBJ/EMBL 
database under the accession number LC406767 and LC406768, respectively.  
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4.3.0.7. Enzymatic hydrolysis 
The xylan-based substrates (beechwood xylan, birchwood xylan and oat xylan) and the sodium 
hypochlorite extracted xylan of sugarcane bagasse were used as the substrates for xylose and XOS 
production.  
The enzymatic hydrolysis of xylan-based substrates and the sodium hypochlorite extraction of xylan 
from sugarcane bagasse each was performed in a 50-mL conical flask containing 3 mL of sodium 
acetate buffer (pH 5.0, 50 mM) and 30 mg (1%, w/v) of each substrate. The hydrolysis was performed 
under optimum conditions of 50 oC using various concentrations of recombinant GH-10 and GH-11 
endo-1,4-β-xylanase (Table 2) for 3 days in a shaker incubator (Taitec, Japan) with a stirring rate of 190 
rpm. Aliquots (250 µL) of the samples were collected at 0, 0.5, 1, 2, 4, 24, 48, and 72 h incubation 
periods and heated at 95 oC for 20 min to terminate the reaction, which was followed by centrifugation 
at 13,000 rpm for 15 min at 4 oC. The supernatant was then collected for subsequent analysis.  
 
 
Table 2. The enzyme concentration of recombinant GH-10, GH-11 endo-1,4-β-xylanase and 
temperature used in the enzymatic hydrolysis of xylan-based substrates  
 
Xylan based-substrate and raw biomass 
Enzyme concentration *, temperature 
hydrolysis 
G10 G11 
Xylan Beechwood 1, 50 oC 1, 50 oC 
Xylan Birchwood 4, 50 oC 2, 50 oC 
Xylan Oat 3, 50 oC 2, 50 oC 
Extracted xylan of sugarcane bagasse 4, 50 oC 4, 50 oC 
  * ug/100 uL volume reaction 
 
4.3.0.8. Sugar analysis 
The hydrolysis products were filtered through a syringeless filters-SEPARA® membrane (Zola 
pedosa, Italy) and detected by TLC. Reaction mixtures were spotted on TLC Silica gel 60F254, 20–20 cm 
(EMD/Merck, Darmstadt, Germany) and developed with a mixture of n-butanol, acetic acid and water 
(2:1.1:1, v/v/v). Spots were stained using DAP that contained diphenylamine, aniline, acetone, and 
phosphoric acid (Merck KGaA, Darmstadt, Germany), which was followed by heating at 120 °C for 
15 min. The pure chemicals of Xylose (X1), Xylobiose (X2), Xylotriose (X3), Xylotetraose (X4), 
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Xylopentaose (X5), and Xylohexaose (X6) were used as standards, and were purchased from 
Megazyme (Wicklow, Ireland). Xylose and xylooligosaccharide concentrations were measured using 
an HPLC system equipped with an Aminex column HPX-42A and an RID index detector with water 
flowed at a rate of 0.6 mL/min as a mobile phase. 
4.4. Results and Discussions 
4.4.1. The sugarcane bagasse composition 
In this study, sugarcane bagasse was pretreated with acid to remove a portion of the hemicellulose 
and lignin for use as a carbon source to screen the xylanase- and feruloyl esterase-producing strains 
from the selected strains. The sugarcane bagasse was also used as a substrate for enzymatic hydrolysis 
by the selected strains. Table 3 presents the compositions of the sugarcane bagasse before and after 
pretreatment with sulfuric acid. The results showed that the combination of heat and acid pretreatment 
could reduce the hemicellulose fraction from 27.04 to13.63% (w/w) and the lignin fraction from 25.42 
to 19.90% (w/w), with a concomitant increase in the cellulose content from 36.53 (w/w) to 57.50% 
(w/w). 
 
Table 3. Chemical composition of sugarcane bagasse before and after pretreatment 
 
Components 
Untreated 
(%, w/w) 
Pretreated with H2SO4 
(%,w/w) 
Ash 4.57 ± 0.09 0.47 ± 0.01 
Extractives 2.36 ± 0.06 3.88 ± 0.07 
Acid Insoluble Lignin 
(AIL) 
25.42 ± 0.15 19.90 ± 0.25 
α-cellulose 36.53 ± 0.18 57.50 ± 0.90 
Hemicellulose 27.04 ± 0.89 13.63 ± 0.38 
Total 109.76 ± 1.59 98.93 ± 2.37 
The values are given as mean ± SD (standard deviation) of triplicate determination. 
 
 
 
 
4.4.2. Screening for xylanase- and feruloyl esterase-producing strains 
Traditional enzyme screening plays an important role in biocatalyst discovery via the identification 
of functional microorganisms with a suitable substrate (carbon source) (Zhang et al., 2013). The carbon 
source has an important effect on enzyme production during microorganism cultivation (Pinheiro et al., 
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2017, Sanchez and Demain,, 2002). In this study, we performed the screen of 797 rare-actinomycetes 
isolated from Indonesian sources for xylanase production. During the screening process, we obtained 
that 250 out of 797 strains were capable of feruloyl esterase production with low xylanase. Then, 797 
and 250 actinomycetes strains were then evaluated to determine the xylanase and feruloyl esterase 
activity, respectively. Dye polysaccharide interactions which provide a visual indication of polymer 
hydrolysis (clear zones or halos) have been used for decades (Mouelhi et al., 2014). We used the 
chromogenic dye (congo red) for detection of extracellular xylanase activity as an initial screening 
method using xylan double layer agar. Whereas, the indicator of feruloyl esterase activity was the 
formation of a clear zone around the point of inoculation. The qualitative analysis for xylanolytic and 
feruloyl esterase activity was based on both colony growth and appearance, which included the 
diameters of the colonies and clear halos around the points of inoculation. Seven strains were selected 
for producing xylanase with diameter clear zones of more than 1.5 cm, and two strains were selected 
for producing feruloyl esterase with a diameter clear zone of more than 1 cm. Based on the colony 
growth and the diameters of colonies, the ID06-480 and the ID06-094 strains showed the higher 
productivity values, and these strains were selected as xylanase and feruloyl esterase producers, 
respectively. When the selected strains were cultivated in the ISP medium without glucose containing 
bagasse without addition of cellulase, the bagasse in the cultures of both strains seemed to decompose 
into small pieces after 7 days of cultivation, as shown in Fig. 1A. The bagasse remained intact in the 
culture without the strains (Control) even incubated in the similar way. This result confirmed that the 
culture supernatant from ID06-480 and ID06-094 strain cultivation may contain the enzymes capable 
of decomposing the wood structure of the pretreated sugarcane bagasse. Therefore, the crude enzyme 
supernatant from the selected strains could degrade the pretreated sugarcane bagasse after 7 days of 
cultivation. The choice of an appropriate substrate is of great importance for the successful production 
of xylanase and esterases. The substrate is not only serves as a source of carbon and energy, but it also 
provides the necessary inducing compounds for a microorganism. Complex carbon sources that contain 
high amounts of esterified ferulic acid have been efficiently used for the microbial production of FAEs 
(Fazary and Ju, 2007). Damásio et al. (2013) found that sugarcane bagasse contains 1.4 mg/g ferulic 
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acid and 1.5 mg/g ρ-coumaric acid, which indicates that it is a suitable resource for production of 
feruloyl esterase.  
The major enzyme activity of cellulose and hemicellulose degrading enzymes present in the crude 
enzyme supernatant from the ID06-480 and the ID06-094 strains obtained after 7 days of cultivation 
were analyzed by qualitative and quantitative analysis. The qualitative analyses of the ID06-480 and 
the ID06-094 strains were conducted on xylan, CMC and ethyl ferulate agar at pH 5, 6 and 7 using the 
crude extract enzyme supernatant from days 1 to 7 of cultivation (Fig. 1B). Mouelhi et al. (2014) showed 
that not possible to detect xylanase activity in the present of congo red using crude supernatant, despite 
used commercial enzyme as the independent evidence of xylanase activity (57.4 IU/mg of protein) with 
amount of inoculation 10 uL (1 ug/uL) for a one of the preparation (Mouelhi et al., 2014). However, by 
using the method used in this study, the activity of digestive enzymes such as xylanase could be detected 
clearly as shown in Fig. 1B.  The ID06-480 strain showed activity in the xylan and CMC plate agar pH 
5, 6 and 7, but showed no activity in ethyl ferulate agar (pH 6.8). However, the ID06-094 strain showed 
activity in ethyl ferulate agar (pH 6.8), low activity in CMC agar pH 5 and 6, but no activity in a xylan 
agar. Fig 1B indicated that the amount of enzyme related to CMCase was low as well as its activity in 
the culture supernatant of ID06-094 strain. So that why, it was hard to confirm the CMCase activity of 
the ID06-094 crude on the condition of pH 7.0. 
The levels of activity for each enzyme in the crude enzyme supernatant that was obtained after 7 
days of cultivation were listed in Table 4. The major parts of the proteins were confirmed. Values for 
high xylanase activity (4.4 ± 0.03 U/mL), low CMC-ase activity (0.14 ± 0.02 U/mL), low FPU activity 
(0.02 ± 0.0), and no FAE activity (ND) were detected in the ID06-480 strain, whereas the ID06-094 
strain showed low activity of feruloyl esterase (4 ± 0.01mU/mL), lower activity for both CMC-ase (0.03 
± 0.02 U/mL) and xylanase (0.56 ± 0.0007 U/mL), and no FPU activity (ND). In this study, the activity 
of FAE by submerged fermentation was low (4 mU/ml), comparable with previous studies using fungi 
or bacteria such as actinomycetes (Streptomycetes). FAE is produced by fungi or bacteria, including 
actinomycetes, in submerged fermentation containing agro-industrial wastes rich in bond ferulic acid 
as a carbon source that produces titers with very low levels of activity (usually less than 1 U/ml of 
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culture medium), such as 2.0 mU/ml from Streptomyces S10 (Bonnina et al., 2001, Faulds and 
Williamson, 1994, Mukherjee et al., 2007, Shin and Chen., 2006).  
 
Table 4. Enzyme activity for the crude supernatant enzyme from Kitasatospora ID06-480 and 
Nonomourae ID06-094 strains  
Strains 
Filter Paper  
Unit 
Xylanase Cellulase FAE Protein 
 (FPU) (U/mL) (U/mL) (mU/mL) (mg/mL) 
ID06-480 0.02 ± 0.0 4.4   ± 0.03 0.14 ±  0.02 ND 0.9 ± 0.03 
ID06-094 ND 0.56 ± 0.0007 0.03 ±  0.02 4 ± 0.01 0.6 ± 0.02 
ND means not detected. The values are given as mean ± SD (standard deviation) of triplicate 
determination. 
 
Based on these results, the ID06-480 strain was selected for production of xylanase and the ID06-
094 strain was selected for production of feruloyl esterase in further studies. The selected strains were 
cultivated in liquid medium using a shake flask with pretreated sugarcane bagasse as a carbon source.  
The crude enzyme supernatant was evaluated in combination with commercial Cellic® CTec2, which 
could have increased the amount of sugar released from the sugarcane bagasse during hydrolysis. 
4.4.3. Characterization of the ID06-480 and the ID06-094 strains 
The role of the xylanase and feruloyl esterase enzymes contained in the crude extract enzyme 
supernatant from cultures of the ID06-480 and the ID06-094 strains was demonstrated via TLC analysis 
and enzymatic assays. Xylanase activity was confirmed by the hydrolysis of a commercial xylan 
substrate using the crude enzyme supernatant from the ID06-480 and the ID06-094 strains with analysis 
by TLC. The hydrolysis of 1% (w/v) beechwood xylan was performed containing 50 mM sodium 
acetate buffer (pH 5.0) and 44 U of xylanase in a 20 mL total reaction. As shown in Fig. 2A, xylanase 
produced by the ID06-480 strain hydrolyzed xylan to produce xylose and various xylooligosaccharides 
from xylobiose (X2) to xylohexaose (X6) with xylobiose (X2) and xylotriose (X3) as the predominant 
products. The ID06-094 strain, however, could not hydrolyze xylan. TLC analysis of the ID06-480 and 
the ID06-094 strains during hydrolysis provided valuable information concerning the contribution of 
xylanase during sugarcane bagasse degradations. An enzymatic assay for feruloyl esterase was 
conducted by inoculation of the crude extract enzyme supernatant with various protein concentrations 
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on the ethyl ferulate plate. Fig. 2B shows the increases in the diameters of clear zones with a 
concomitant increase in the concentration inoculation of crude enzyme supernatant from the ID06-094 
strains. The ID06-480 strain, however, produced no clear zones, even with increases in the 
concentration inoculation of crude enzyme supernatant in the ethyl ferulate agar plate.  
 
 
Fig. 1 Qualitative analysis for xylanase and feruloyl esterase activities based on colony growth 
and halos appearance around the point of inoculation. (A) Sugarcane bagasse degradation during 
enzyme production. (B) Enzyme characteristics of the crude enzyme from the ID06-480 and the 
ID06-096 strains. Clear zone on the xylan, CMC agar at sodium acetate buffer (pH 5.0, 6.0), at 
sodium phosphate buffer (pH 7.0) staining by congo red and acetic acid and the ethyl-4-hydroxy-
3-methoxy-cinnamate agar at sodium phosphate buffer (pH 6.8) using the culture supernatant at 
indicating times (0, 1, 2, 3, 4, 5, 6 and 7 days).  
 
A 
B 
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Fig. 2 Characterization of xylanase from ID06-480 and feruloyl esterase from ID06-094. (A) The 
presence of xylanase in the culture supernatants from the Kitasatospora ID06-480 strain and the 
Nonomourae ID06-094 strain were confirmed by TLC on beechwood xylan substrates. Xylose 
(X1), xylobiose (X2), xylotriose (X3), xylotetraose (X4) and xylopentaose (X5) and 
xylosehexaose (X6) were used as a standard mixture (STD). The reactions were performed in 50 
mM sodium acetate buffer (pH 5.0) using 1% beechwood xylan for 0, 1, 2, 3, 4, and 24 h at 30 
oC. (B) Qualitative analysis of the crude enzyme supernatant from the Kitasatospora ID06-480 
strain and the Nonomourae ID06-094 strain for feruloyl esterase production based on halo 
formation by spotting the supernatant at 0, 1, 3, 6, 9, 12, 15, 18, 21 µL on ethyl ferulate agar at 
pH 6.8. 
 
 
The role of the xylanase enzymes contained in the crude extract enzyme supernatant from cultures 
of the ID06-480 was also evaluated using various lignocellulose biomass, such as oil palm empty fruit 
bunch, rice straw and sugarcane bagasse. These biomass is an abundant agro-residue in tropical 
countries such as Indonesia. Hydrolysis were conducted on optimum condition (Table 5).   
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Table 5. Condition optimum for hydrolysis of lignocelluloses biomass by endo-xylanase from 
Kitasatospora sp. 
 
Lignocellulosic Biomass 
Enzyme 
concentration (U) 
Substrate 
concentration (%) 
Temperature 
(oC) 
Rice straw 16 4 40 
Sugarcane bagasse 16 4 30 
Oil palm empty fruit bunch 16 5 30 
 
TLC analysis of hydrolysis products from empty fruit bunch, rice straw, and sugarcane bagasse by 
Kitasatospora sp. endoxylanase were shown in Fig. 3. The main product hydrolysis of empty fruit bunch 
is X4 and X5, with a small amount of X1, X2, and X3. Rice straw is X2, and sugarcane bagasse is X3, 
X4 and a small amount of X1, X2, X5.  
These enzymes showed high catalytic activity during the hydrolysis of enzymatic hydrolysis of three 
different agro-biomasses to serve as low-cost substrate for xylose and XOS production. Therefore, 
xylanase from the ID06-480, Kitasatospora sp.  shows high biotechnological potential as good 
candidates with interesting properties towards the industrialization of the co-production of xylose and 
XOS based on low-cost feedstock.  Moreover, we continue to molecular cloning of xylanase gene from 
this strain and evaluated its ability for XOS and xylose production in the next research. 
 
Fig. 3 TLC analysis of (A) empty fruit bunch, (B) rice straw, (C) sugarcane bagasse were 
hydrolyzed by Kitasatospora sp. endoxylanase on optimum condition for 24 h. Hydrolysis time 
0, 1, 2, 4, 6 and 24 h. 
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4.4.4. Molecular identification of ID06-480 and ID06-094 strains 
Both ID06-480 and ID06-094 strains were isolated from a soil sample collected from Cibinong, 
West Java, Indonesia. Phylogenetic analysis confirmed that the ID06-480 strain belongs to the genus 
Kitasatospora in the family Streptomycetaceae whereas the ID06-094 strain belongs to the genus 
Nonomourae in the family Streptomycetaceae. Moreover, neighbor-joining phylogenetic analysis based 
on a 16S rRNA gene sequence revealed that the ID06-480 strain belongs to the genus Kitasatospora 
and is closely related to Kitasatospora cheerisanensis (95% sequence similarity), and that the ID06-
094 strain belongs to the genus Nonomourae and is closely related to Nonomuraea jabiensis (99% 
sequence similarity) (Fig. 4). This study is the first report of feruloyl esterase from the genus 
Nonomourae. 
 
Fig. 4 Neighbor-joining phylogenetic tree of genus Kitasatospora and the positions of the ID06-480 
and ID06-096 strains based on 16S rRNA gene sequence analysis. Bootstrap values (>50 %) based on 
1,000 replicates are shown at the branch nodes. The sequence of Aquifex pyrophilus (M83548) was used 
as the out-group. Bar represents the 0.005 substitutions per nucleotide position. Representative 
sequences in the dendrogram were obtained from GenBank (accession number in parentheses) 
 1 
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 4.4.5. Molecular cloning of GH-10 and GH-11 endo-1,4-β-xylanase from Kitasatospora sp. ID06-
480 for xylose and XOS production 
4.4.5.1. Cloning and sequence analysis of the XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-
xylanase genes from Kitasatospora sp. 
Streptomyces have served as a good alternative expression platform for heterologous protein 
production that directs the expressed protein in a soluble configuration to the culture supernatant, which 
is a major advantage in terms of downstream processing (Anne et al., 2014, Sevillano et al., 2016). To 
achieve a novel xylanase, we cloned two endo-1,4-β-xylanase genes (GH-10 and GH-11) from the 
highly active xylanase of Kitasatospora sp. (Rahmani et al., 2018).  
Partial encoding of the genes GH-10 and GH-11 from endo-1,4-β-xylanase was amplified from the 
ID06-480 genome via a PCR reaction with a set of primers designed based on the GH-10 and the GH-
11 endo-1,4-β-xylanase sequences from the Kitasatospora sp. strain genome in NCBI/NBRC. Then, all 
open reading frames of the GH-10 and GH-11 endo-1,4-β-xylanase sequence were identified from the 
partial gene sequences. The XYN10Ks_480 (GH-10) and XYN11Ks_480 (GH-11) genes that were 
identified in this study contained 1479-bps and 1020-bps open reading frames (ORF) that encode the 
polypeptides of 493 and 340 amino acids, respectively.  
In the functional analysis of recombinant proteins, the ORF regions of the XYN10Ks_480 and 
XYN11Ks_480 genes were expressed in S. lividans 1326. The XYN10Ks_480 and XYN11Ks_480 
genes were fused to a sequence encoding a histidine tag at the C-terminal and then ligated with a 
pUC702 vector for expression under the control of a Streptoverticillium cinnamoneum Phospholipase 
D promoter (Ogino et al., 2004) (Fig. 5A). The constructed vectors (referred to as pUC702-pro-
XYN10Ks-(His)6 and pUC702-pro-XYN11Ks-(His)6, Table 1) were transformed into S. lividans 1326, 
which has been employed as a host strain for recombinant protein expression. The transformant strains 
were named S. lividans 1326/pUC702-pro-XYN10Ks-(His)6 and S. lividans 1326/pUC702-pro-
XYN11Ks-(His)6, respectively (Fig. 5B). 
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Fig. 5 The experimental concept of this study. (A) Maps of constructs used in this study. The 
XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase genes were fused into the SphI and BglII sites 
of pUC702-pro-term (XYN11Ks_480-ter and XYN11Ks_480-ter). The genes in pUC702-pro-term 
(XYN10Ks_480-ter and XYN11Ks_480-ter) were under the control of an PLD promotor. (B) The 
recombinant plasmid (pUC702-pro- XYN10Ks_480 gene-(His)6 and pUC702-pro- XYN11Ks_480 
gene-(His)6) were transformed to S. lividans 1326. (C) The transformant was inoculated into a test tube 
followed by cultivation at 28 oC for 3 days. (D) Analysis via SDS-PAGE and congo red of the crude 
supernatant from nine (the XYN10Ks_480) and (the XYN11Ks_480) of a single colony from 
recombinant transformants. (E) The recombinant his-tagged enzyme was purified using Ni SepharoseTM 
excel, and the homogeneity and molecular mass of the purified enzymes (The XYN10Ks_480 and the 
XYN11Ks_480 endo-1,4-β-xylanase) were evaluted via SDS-PAGE. STD, molecular weight marker; 
lane 1, the XYN11Ks_480 endo-1,4-β-xylanase; lane 2, The XYN10Ks_480 endo-1,4-β-xylanase 
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A phylogenetic tree was generated from 15 candidate amino acid sequences (XYN10Ks_480 endo-
1,4-β-xylanase, Fig. 6A) and 13 candidate amino acid sequences (XYN11Ks_480 endo-1,4-β-xylanase) 
in the genbank databases (Fig. 6B) constructed via the Mega 7 method. A BLAST search indicated that 
the amino acid sequence of the XYN10Ks_480 genes is closely related to that of the endo-1,4-β-
xylanase GH-family 10 from Streptomyces and Kitasatospora (66–81%), and that the XYN11Ks_480 
genes were closely related to the endo-1,4-β-xylanase GH-family 11 from Kitasatospora, Nonomurae 
and Streptomyces endo-1,4-β-xylanase (65-85%). 
 
Fig. 6 Neighbor-joining phylogenetic tree (MEGA) showing the evolutionary relativity and the 
homological degrees among the genes of XYN10Ks_480 (A) and XYN11Ks_480 (B) from 
Kitasatospora sp. strain. Segment corresponding to an evolutionary distance of 0.1 were shown. 
Representative sequences in the dendrogram were obtained from GenBank were shown in accession 
number.  
 
4.4.5.2. Secreted expression of the XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase genes 
in a heterologous host  
The selected transformants were cultured in 10 mL TSB medium in a test tube at 28 oC for 3 days 
(Fig. 5C). After the XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase were expressed 
individually in the host strain, the crude supernatant from five (the XYN10Ks_480) and nine (the 
XYN11Ks_480) of the single colonies from recombinants showed single protein bands with apparent 
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molecular weights of approximately 49.3 kDa and 34.0 kDa, respectively (Fig. 5D). Moreover, the 
xylanase activity was confirmed by the clear zone halos around the points of inoculation after the crude 
supernatant from nine single colonies from the XYN10Ks_480 and the XYN11Ks_480 recombinants 
were inoculated on double-layer xylan plates (Fig. 5D). The molecular size (49.3 kDa) of the 
XYN10Ks_480 on SDS-PAGE was similar to that (49.0 kDa) of modular GH-10 endo-xylanase with a 
ricin-type β-trefoil domain-like domain from Luteimicrobium xylanilyticum HY-24 (Kim et al., 2017). 
The recombinant his-tagged enzyme was purified using Ni SepharoseTM excel and both of the 
XYN10Ks_480 and XYN11Ks_480 forms of endo-1,4-β-xylanase showed a single protein band 
corresponding to the predicted molecular weight observed in the SDS-PAGE profile (Fig. 5E). 
 
4.4.5.2. Predicted model and analysis of the tertiary structures of the XYN10Ks_480 and 
XYN11Ks_480endo-1,4-β-xylanase genes 
The XYN10Ks_480-deduced amino acid sequences consisted of a putative 37-aa signal peptide 
(blue color) and a mature protein of 493-aa, and the XYN11Ks_480- deduced amino acid sequence 
consisted of a putative 27-aa signal peptide (blue color) and a mature protein of 340-aa when analyzed 
by Signal P 4.0 (http://www.cbs.dtu.dk/services/SignalP/) (Fig. 7A). 
Blast and Pfam analysis of the primary structure of XYN10Ks_480 endo-1,4-β-xylanase revealed 
that it could be a modular enzyme consisting of two putative functional domains, an N-terminal catalytic 
Glycosyl hydrolase family 10 (GH-10) domain (35-336) (green color) and a C-terminal Lectin version 
of a RICIN B chain domain (351-491) (purple color) (Fig. 7A). A RICIN domain is known as a 
carbohydrate-binding domain consisting of three homologous subdomains of 40 amino acids and a 
linker sequence of approximately 15 residues (Kim et al., 2017). The overall structure of the GH10 
domain corresponded to an eight-fold α/ β-barrel (TIM-barrel) with a typical deep groove in the center, 
which allows an 'endo' type of action on the large polysaccharide backbone.  
Blast and pfam analyses of the primary structure of the XYN11Ks_480 endo-1,4-β-xylanase, 
however, revealed that it could be a modular enzyme consisting of two putative functional domains: the 
N-terminal catalytic Glycosyl hydrolase family 11 (GH-11) domain (green color) and a C-terminal 
CBM 2 domain (purple color) (Fig. 7A).  
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Tertiary structural homology modeling and the three-dimensional structure of the xylanases were 
analyzed using an I-Tasser (https://zhanglab.ccmb.med.umich.edu/I-TASSER/). The XYN11Ks_480 
endo-1,4-β-xylanase had a compact globular structure with a single α-helix and two extended pleated 
β-sheets that formed a jellyroll fold. The main feature was the presence of a long cleft that spanned the 
entire molecule. This cleft contained a site of activity that included two glutamate residues that directly 
participate in xylan hydrolysis wherein one acts as an acid/base (165) catalyst and the other acts as a 
nucleophile (273) (Fig. 7B).  
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Fig. 7. Structure of endo-1,4-β-xylanases produced by Kitasatospora sp. (A) Nucleotide and deduced 
amino acid sequences of the recombinant XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase 
from the Kitasatospora sp. strain. The stop codon is indicated by the asterisk. The blue color represents 
the signal peptide and the arrow down sign represents the cleavage site. The green color represents the 
putative catalytic domain, and the purple color represents the ricin-type beta-trefoil lectin domain-like 
and putative carbohydrate-binding modules for G10 and G11, respectively. (B) Predicted 3-D structure 
of recombinant xylanase XYN10Ks_480 and the XYN11Ks_480. Upper Brackets, a putative N-
terminal catalytic domain resembles the domain structure of a glycoside hydrolase family 10 and 11 
(GH11 and GH10 domains); Bottom brackets, the C-terminal amino acid sequence of RICIN β-lactin 
and carbohydrate-binding modules (CBM) of the 2 domain. 
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4.4.5.4. Biochemical characterization of the recombinant XYN10Ks_480 and XYN11Ks_480 
endo-1,4-β-xylanase 
The effects of pH and temperature on XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase were 
investigated using beechwood xylan as a substrate (Fig. 8). XYN10Ks_480 endo-1,4-β-xylanase 
exhibited maximum activity similar to that of XYN11Ks_480 endo-1,4-β-xylanase at pH 5.0 with more 
than 80% of maximum activity retained at pH 5.0-6.0 (Fig. 8A, 8B). These types of xylanase are more 
suitable for biotechnological applications that require an acidic pH. When the pH remained below 4.0 
or above 7.0, 50% of the maximum activity was reached using XYN11Ks_480 endo-1,4-β-xylanase. 
By contrast, the maximum activity of XYN10Ks_480 endo-1,4-β-xylanase was achieved only when the 
pH values remained either below 4.0 or above 7.0, which amounted to 10 and 20%, respectively.  
The XYN10Ks_480 endo-1,4-β-xylanase and XYN11Ks_480 endo-1,4-β-xylanase remained active 
at temperatures ranging from 30-80 oC with optimum activity at 50 oC (Fig. 8C). This result is similar 
to that of GH-11 xylanase from Bacillus amyloliquefaciens, which is expressed in Pichia pastoris at 
optimum values for pH and temperature of 5 and 50 oC, respectively (Liu et al., 2017). The thermal 
stabilities of the two xylanase enzymes were determined at 45, 50 and 55 oC in the absence of a 
substrate. Both enzymes had good stability at all temperatures and were retained at approximately 82% 
until more than 120% of the activity was expended after incubation for 2 h. The XYN10Ks_480 endo-
1,4-β-xylanase showed high residual activity (retaining more than 100% of its initial activity) after pre-
incubation at 45 oC for 90 min and 50 oC for 60 min, whereas even after incubation at 55 oC for 120 
min, more than 120% of residual activity was retained (Fig. 8D). Temperature stability studies showed 
a more than 100% retention of activity after 60 min of incubation at 45 oC and 90 min of incubation at 
50 oC for XYN11Ks_480 endo-1,4-β-xylanase and more than 120% at 55 oC for 90 min (Fig. 8E). Both 
XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase appeared to be relatively thermostable, and 
were significantly influenced by the presence of a C-terminal RICIN domain in XYN10Ks_480 endo-
1,4-β-xylanase and N-terminal carbohydrate-binding modules (CMBs) 2 in XYN11Ks_480 endo-1,4-
β-xylanase. Kim et al. (2017) and Jia et al. (2016) reported that the thermal stability of G-10 
endoxylanase was gradually reduced and there was a reduction in its pH stability as well as an alteration 
in its optimum pH and temperature during the degradation of beechwood xylan. After the removal of a 
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C-terminal RICIN domain from Luteimicrobium xylanilyticum HY-24 and deletion of the N-terminal 
carbohydrate-binding modules (CBMs) in extracellular GH-10 endoxylanase from Caldicellulosiruptor 
kronotskyensis, the optimum temperature and thermostability were negatively affected. 
 
 
Fig. 8. Characterization of endo-1,4-β-xylanases produced by Kitasatospora sp. (A) Effect of pH on 
the XYN10Ks_480 endo-1,4-β-xylanase and (B) the XYN11Ks_480 endo-1,4-β-xylanase containing 
0.5% (w/v) beechwood xylan. Activity was measured at 30 oC using the following buffers: sodium 
acetate buffer (pH 3.0-5.0, filled red circle), sodium citrate buffer (pH 3.0-5.0, filled blue circle), sodium 
phosphate buffer (pH 6.0-8.0, filled green triangle), and Tris HCl (pH 7.0- 9.0, filled purple triangle). 
The XYN10Ks_480 and the XYN11Ks_480 endo-1,4-β-xylanase activity at pH 5.0 was taken to be 
100%. (C) Temperature dependence of the XYN10Ks_480 and the XYN11Ks_480 endo-1,4-β-
xylanase was measured at 30-100 oC using 50 mM sodium acetate buffer (pH 5.0) containing 0.5% 
(w/v) beechwood xylan. The XYN10Ks_480 and the XYN11Ks_480 endo-1,4-β-xylanase activity at 
50 oC was taken to be 100%. Thermal stability of (D) the XYN10Ks_480 endo-1,4-β-xylanase and (E) 
the XYN11Ks_480 endo-1,4-β-xylanase measured at 45 oC (diamond), 50 oC (square), and 55 oC 
(triangle) using 50 mM sodium acetate buffer (pH 5.0) for a maximum of 120 min. The XYN10Ks_480 
and the XYN11Ks_480 endo-1,4-β-xylanase activity at the start point was taken to be 100%. 
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The XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase enzymes were assayed with various 
substrates to establish their specificity (Table 6). Both enzymes showed maximum activity on 
beechwood xylan (100%), followed by birchwood xylan at 66.3% for XYN10Ks_480 endo-1,4-β-
xylanase and at 49,3% for XYN11Ks_480 endo-1,4-β-xylanase and on aot spelt xylan at 46.3% for 
XYN10Ks_480 endo-1,4-β-xylanase and at 49.2% for XYN11Ks_480 endo-1,4-β-xylanase. Neither 
XYN10Ks_480 nor XYN11Ks_480 endo-1,4-β-xylanase showed any activity on carboxymethyl 
cellulose (CMC), avicel or soluble starch, which suggested that they are a form of xylanase that is free 
from cellulase activity. 
 
Table 6 Substrate specificity of the recombinant enzymes XYN10Ks_480 and XYN11Ks_480 endo-
1,4-β-xylanase 
 
Substrates GH Family 10 GH Family 11 
Beechwood xylan  100 100 
Birchwood xylan  66,3 49,3 
Oat spelt xylan  46,3 49,2 
CMC ND ND 
Avicel ND ND 
Soluble starch ND ND 
ND. Not detected 
 
The effect of metal ions and chemicals on enzyme activity was established (Table 7). The results 
revealed that the activities of XYN10Ks_480 endo-1,4-β-xylanase were not significantly stimulated by 
the addition of 10 mM Zn2 and EDTA, which agrees with a report by Verma et al. (2013) where activity 
remained at 89.9% following the addition of 10 mM EDTA. Moreover, the additions of Co2+, Mn2+, 
Mg2+, Ca2+, Li2+, and Fe3+ showed an obvious inhibition when XYN10Ks_480 endo-1,4-β-xylanase 
activity remained within a range of from 51.9-70.6%. That result was contrary to observations by Verma 
et al. (2013) where the additions of 10 mM of Co2+, Mn2+, Ca2+ and Mg2+ significantly inhibited the 
activity to between 9.7 and 12.5%. The addition of 10 mM Cu2+ resulted in an obvious effect of 100% 
lost activity for XYN10Ks_480 endo-1,4-β-xylanase. The inhibition of xylanase activity by Cu2+ is 
common, and is known to remain at 10.1% following the addition of 10 mM Cu2+ (Verma et al., 2013). 
GH10 endoxylanase activity from Luteimicrobium xylanilyticum HY-24 and Cellulosimicrobium sp. 
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HY-13 remained at 25% of the original level only after the addition of 1 mM Cu2+ (Kim et al., 2017, 
2009). Moreover, XYN11Ks_480 endo-1,4-β-xylanase activities were not significantly stimulated by 
the additions of 10 mM of Co2+, Mn2+, Mg2+, Ca2+, Li2+, or Zn2+. On the contrary, the addition of Fe3+ 
and EDTA obviously inhibited XYN11Ks_480 endo-1,4-β-xylanase. This result agreed well with that 
found by Verma et al. (2013) who reported xylanase activity that remained at 93.67 and 89.98% after 
the addition of 10 mM Fe3+ and EDTA, respectively. 
 
Table 7 Effect of metal ions (10 mM) and the presence of 1% of an additive on the recombinant 
enzymes XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase 
 
 
 
  
 
 
 
 
 
Modulators 
(10 mM) 
Relative activity (%) Addition 
(1%) 
Relative activity (%) 
GH family 10 GH family 11 GH family 10 GH family 11 
None 100 100 None 100 100 
CoCl2 70,6 97,9 PEG-6000 124,1 105,9 
MnCl2 62,9 98,4 SDS 149,6 95,3 
MgCl2 58,2 92,9 Methanol 60,4 100,5 
CaCl2 69,0 97,2 Triton-X100 95,5 101,2 
LiCl 62,9 81,5 Ethanol 97,5 90,9 
FeCl3 51,9 64,9 Isopropanol 106.1 87.8 
CuSO4 0,0 86,6    
ZnSO4 97,1 85,4    
EDTA 87,2 77,5       
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The additive effect on enzyme activity appears in Table 7. The XYN10Ks_480 endo-1,4-β-xylanase 
activities were significantly stimulated and showed 1.25- and 1.5-fold increases in activity when 1% 
PEG-6000 and SDS, respectively, were present in the reaction mixture. Detergents exerted a slight 
stimulatory effect on the recombinant xylanase which is a common xylanase feature (Verma et al., 
2013). However, XYNAM6 GH-10 endoxylanase from Streptomyces megaspores DSM 41476 was 
significantly inhibited by SDS at 10 mM showing activity that remained at 0.69% (Qiu et al., 2010). 
XYN10Ks_480 endo-1,4-β-xylanase retained activity that was similar (95.5-106.1%) to its initial level 
following treatments with Triton-X100, ethanol, and isopropanol. XYN11Ks_480 endo-1,4-β-xylanase 
retained activity that ranged from 90.9-105.9% with additions of 1% ethanol, SDS, methanol, and triton-
X100. A slight inhibition was created by a of 1% addition of organic solvents such as methanol (60.4% 
residual activity) for XYN10Ks_480 endo-1,4-β-xylanase and isopropanol (87.8% residual activity) for 
XYN11Ks_480 endo-1,4-β-xylanase. Results were different for xylanase Mxyl GH11 cloned from 
compost-soil metagenomics with activity that remained at 65.89 and 104.05% after additions of only 
0.5% SDS and Triton-X100, respectively. 
 
4.4.5.5. Xylose and xylooligosaccharides productions from the xylan-based substrates through 
recombinant XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanases 
Three types of xylan-based substrates (soluble beechwood and birchwood glucuronoxylan, insoluble 
oat spelt arabinoxylan) were chosen as well-characterized reference substrates, and the hydrolytic 
properties for XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase were determined. The 
enzymatic properties of XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-xylanase, which may 
coordinate in the depolymerization of xylan, were investigated independently in this study. Enzymatic 
hydrolysis was performed under optimum conditions for each enzyme combination. To ensure the 
extent of degradation, the hydrolysis was conducted for 72 h and the formation of hydrolysis products 
was analyzed via TLC. 
 When the enzyme (E) and substrate plus buffer were controlled for by the absence of either of the 
enzymes (0), none of the TLC data showed depolymerization of the xylan substrate at 0 h (Fig. 9 and 
Fig. 10). The patterns of TLC and HPLC data showed high hydrolytic activity for both XYN10Ks_480 
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and XYN11Ks_480 endo-1,4-β-xylanase in all substrates. Xylan was almost hydrolyzed into xylose 
and XOS with less than five degrees of polymerization (X2, X3, X4) as the main products by 
XYN10Ks_480 endo-1,4-β-xylanase from soluble beechwood (Figs. 9A and 9B) and birchwood xylan 
(Figs. 9C and 9D) were used as substrates after 30 min of hydrolysis. The conversion percentages were 
approximately 98 and 91% after 24 h and 93 and 80% after 72 h of hydrolysis, respectively (Figs. 9B 
and 9D). These results were similar to those from Xyn10A from Thermotoga thermarum (Shi et al., 
2013). The main products of hydrolysis were different with GH10 endoxylanase (Srxyn10) from 
Streptomyce rochei L10904 (Li et al., 2017), which acted on beechwood and birchwood with X2 formed 
as the major product. A very low amount of xylose was formed during 30 min of reaction, however, 
and that gradually increased during 24 h of hydrolysis. The biocatalytic degradation of X3 appeared to 
proceed relatively slowly after 24 h of hydrolysis and showed an increased yield for X1 and X2 for both 
substrates. X2 and X4, however, were highly resistant to the enzyme throughout prolonged hydrolysis 
for 72 h. This result is contrary to that found by Kim et al. (2017) whereby X2 was highly resistant to 
the enzyme, but the β-1,4-D-ylooligomers of X4 were efficiently cleaved to X3 as a major end product. 
The products released from birchwood xylan by recombinant TaXyn10A xylanase from Thermoascus 
aurantiacus included X1 and oligomers from X2 to X5 during 2 h of hydrolysis, and when hydrolysis 
was prolonged for 48 h, only X1 and X2 were produced as the main products (Zhang et al., 2011). 
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Fig. 9 Primary hydrolysis products of XYN10Ks_480 endo-1,4-β-xylanase with xylan beechwood (A 
and B), xylan birchwood (C and D), xylan oats (E and F) after 72 h. Lane 1, XOS standards; Lane 2, 
oligosaccharide profiles obtained after treating with buffer and before the addition of enzymes; Lane 3-
9, oligosaccharide profiles obtained from hydrolysis after 0.5, 1, 2, 4, 24, 48, and 72 h, respectively; 
Lane 10, recombinant endo-1,4-β-xylanase. XOS standards: X1, xylose; X2, xylobiose; X3, xylotriose; 
X4, xylotetraose; X5, xylopentaose; X6, xylohexaose. 
 
However, when beechwood or birchwood was hydrolyzed by XYN11Ks_480 endo-1,4-β-xylanase, 
xylose units with polymerization higher than X5 as the main products were observed (X5 and X6), 
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although hydrolysis was prolonged for 72 h (Fig. 10A and 10C). The conversion rates were 
approximately 35 and 37% for 24 h and 42 and 40% for 72 h of hydrolysis (Fig. 10B and 10D). These 
results differed from those of GH11 endoxylanase from Bacillus subtilis Lucky9 where X2, X3 and X4 
were the main products from the hydrolysis of beechwood xylan (Chang et al., 2017) and from those of 
GH11 endoxylanase from Bacillus amyloliquefaciens from the hydrolysis of beechwood and birchwood 
with X2 and X3 as the main products (Liu et al., 2017). The products released from birchwood xylan 
via recombinant Nf Xyn11A xylanase from Nonomuraea flexuosa during 2 h of hydrolysis included 
oligomers from X2 to X5, whereas the main products were only X1 and X2 after 48 h. 
The main hydrolysis products released from insoluble oat spelt xylan by XYN10Ks_480 endo-1,4-
β-xylanase included X1, X2 and X3 together with small amounts of X4 and X5 following prolonged 
hydrolysis for 72 h (Fig. 9C). Hydrolysis of oat spelt xylan by Ta Xyn10A from Thermoascus 
aurantiacus produced X1, X2, X3, and X4 as the main products in 2 h with only X1 and X2 as the 
major end products following prolonged hydrolysis of 48 h (Zhang et al., 2011). 
The main hydrolysis products released from insoluble oat spelt xylan via the use of XYN11Ks_480 
following prolonged hydrolysis of 72 h consisted mainly of X2, X3, X4, and X5 together with small 
amounts of X6 and X7 (Fig. 10E). Hydrolysis of oat spelt xylan by Nf Xyn11A from Nonomuraea 
flexuosa produced very low amounts of X1 and X2, X3, X4 as the main products in 2 h. After prolonged 
hydrolysis for 48 h, the major end products were only X1, X2 and X3 (Zhang et al., 2011). Those 
conversion percentages were approximately 98 and 69% in 24 h and 99 and 80% following 72 h of 
hydrolysis, respectively (Fig. 10F). These results were higher than those for Xyn10A from Thermotoga 
thermarum with a conversion that reached only 42% (Shi et al., 2013). These results were very 
interesting because the contents of arabinose, glucose and xylose in oat spelt xylans were approximately 
10, 15 and 70%, respectively, and oat spelt xylan is well known as difficult to hydrolyze due to a 
complex structure and poor solubility. However, XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-
xylanases efficiently promoted hydrolysis to produce XOS.  
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Fig. 10 Primary hydrolysis products of XYN11Ks_480 endo-1,4-β-xylanase with xylan beechwood (A 
and B), xylan birchwood (C and D), xylan oats (E and F) after 72 h. Lane 1, XOS standards; Lane 2, 
oligosaccharide profiles obtained after treating with buffer before the addition of enzymes; Lane 3-9, 
oligosaccharide profiles obtained from hydrolysis after 0.5, 1, 2, 4, 24, 48, and 72 h, respectively; Lane 
10, recombinant endo-1,4-β-xylanase. XOS standards: X1, xylose; X2, xylobiose; X3, xylotriose; X4, 
xylotetraose, X5: xylopentaose; X6: xylohexaose. 
 
4.4.5.6. Xylose and xylooligosaccharides productions from the sodium hypoclorite extracted xylan 
of sugarcane bagasse through recombinant the XYN10Ks_480 and XYN11Ks_480 endo-1,4-β-
xylanase from the Kitasatospora sp. 
Sugarcane bagasse that is rich in hemicellulose is an abundant agro-residue in tropical countries such 
as Indonesia. Extraction of xylan by sodium hypochlorite has advantages over other processes that 
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include the selective and efficient fractionation of xylan from lignocellulose (Vazquez et al., 2000, Sun 
et al., 2002, Aachary and Prapulla., 2011, Samanta et al., 2012). In the present investigation, the 
extraction of xylan from sugarcane bagasse was conducted using modified sodium hypochlorite (Sun 
et al., 2002), which was subsequently subjected to hydrolysis by recombinant XYN10Ks_480 and 
XYN11Ks_480 endo-1,4-β-xylanase from Kitasatospora sp. and produced various value-added 
products, such as xylose and XOS. To ensure the extent of degradation, hydrolysis was conducted for 
72 h.   
 
 
Fig. 11 Primary hydrolysis products of xylan extracted from bagasse by XYN10Ks_480 endo-1,4-β-
xylanase (A and B) and XYN11Ks_480 endo-1,4-β-xylanase (C and D) after 72 h. Lane 1, XOS 
standards; Lane 2, oligosaccharide profiles obtained after treating with buffer and before the addition 
of enzymes; Lane 3-9, oligosaccharides profiles obtained from hydrolysis after 0.5, 1, 2, 4, 24, 48, and 
72 h, respectively; Lane 10, recombinant endo-1,4-β-xylanase. XOS standards: X1, xylose; X2, 
xylobiose; X3, xylotriose; X4, xylotetraose; X5, xylopentaose; X6, xylohexaose. 
 
Hydrolysis of the sodium hypochlorite-extracted xylan of sugarcane bagasse using XYN10Ks_480 
mainly produced X1, X2, X3, and a small amount of X4 (Fig. 11A). The level of hydrolysis products 
increased gradually from 30 min until 24 h and remained relatively constant until 72 h due to the level 
of easily accessible hydrolysis sites in the xylan chain as well as to the stability of endo-xylanase activity 
that was not hampered by end-product inhibition. As the reaction time increased, X2, X3 and X4 were 
not readily degraded.  
During the enzymatic hydrolysis by XYN11Ks_480 endo-1,4-β-xylanase, xylan chains in the 
sugarcane bagasse must have been randomly broken down, releasing XOS products mainly composed 
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of X2, X3, X4, and X5 together with a small amount of X6 and X7. Interestingly, significant xylose 
production was not detected in the hydrolysis products (Fig. 11B). As the reaction time increased from 
0.5 to 72 h, all of the products were not readily degraded (Fig. 11B). High activity of the XYN11Ks_480 
endo-1,4-β-xylanase was influenced by the presence of CBM2. A previous report by Fujimoto et al. 
(2002) described the enzymatic use of the CBM domain to capture insoluble substrates and promote 
catalysis. These results differed from those of Verma et al. (2013) who reported on the degradation of 
sugarcane bagasse by Mxyl xylanase GH11 from compost-soil metagenomics producing X3, X4 and 
X5 as the main products. Bragatto et al. (2013) reported hydrolysis using xylanase from Bacillus subtilis 
on delignified sugarcane bagasse by peroxide-HAc, which produced mainly X2 and X3.  
 
Conclusion 
The high xylanase activity of Kitasatospora sp. and the first description of feruloyl esterase activity 
from the genus Nonomuraea was screened from among actinomycetes strains isolated in Indonesia. 
Xylanase from wild type the ID06-480, Kitasatospora sp.  shows high biotechnological potential as 
good candidates with interesting properties towards the industrialization of the co-production of xylose 
and XOS based on low-cost feedstock.  Moreover, the thermostability of recombinant XYN10Ks_480 
and XYN11Ks_480 endoxylanase from this strain showed high catalytic activity during the hydrolysis 
of sodium hypochlorite-extracted xylan of bagasse and three types of xylan-based substrates 
(beechwood, birchwood and oat spelt). A particularly interesting aspect of this strategy was the similar 
manner in which xylose and XOS could be obtained by using the sodium hypochlorite-extracted xylan 
from bagasse compared with the use of commercial xylan.  To the best of our knowledge, this is first 
report where one strain, Kitasatospora sp., was used to produce two types of enzymes with different 
catalytic properties and both enzymes could produce either XOS and xylose or XOS alone.  
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Chapter 5. 
Xylanase and relative family from Indonesia Bioresources for Biorefinary applications 
 
5.1. Introduction 
Lignocellulosic biomass is recognized as a potential sustainable source for production of power, 
biofuels, and a variety of commodity chemicals (Adsul et al., 2011). The structure of lignocellulosic 
biomass is complex and contains a significant proportion of tightly bound hemicellulose and lignin that 
forms lignin-carbohydrate complexes (Peng et al., 2015).  However, the production of fermentable 
sugars from lignocellulosic biomass requires an efficient strategy. The high cost of the enzymes 
required for enzymatic hydrolysis is the single greatest contributor to the overall cost of lignocellulosic 
ethanol production. Making this technology economically feasible will require a reduction to the overall 
cost of the process in the contribution of the enzymes (Klein-Marcuschamer et al., 2012). Several 
approaches have been evaluated using substrates as well as enzyme-related approaches. Enzyme-related 
approaches must efficiently co-hydrolyze the cellulose and hemicellulose in pretreated lignocellulosic 
biomass to fermentable sugars, which requires supplementation of the cellulase with accessory enzymes 
(Berlin et al., 2005, Banerjee et al., 2010, Gao et al., 2011, Goncalves et al., 2015, Sun et al., 2015). 
Accessory enzymes such as xylanase, feruloyl esterase and acetyl xylan esterase have the potential to 
indirectly increase the hydrolyzability of cellulose by fragmenting the hemicellulose-lignin network 
(Tabka et al., 2006, Selig et al., 2008, Várnai et al., 2014).  
In native lignocellulose, hemicellulose is amorphous and is much easier to enzymatically hydrolyze 
compared with cellulose. Removing hemicellulose increases the surface area and porosity of 
lignocellulose, which makes cellulase more accessible to the cellulose surface (Peng et al., 2015). The 
most important enzyme required for the depolymerization of hemicellulose is xylanase (Dodd and Cann 
2009), because xylan is the most abundant component of hemicellulose. Endo-1,4-β xylanase (xylanase) 
cleaves the β-1,4 glycosidic linkages between xylose residues in the backbone of a xylan. Feruloyl 
esterases (or ferulic acid esterases, FAEs) make up a subclass of the carboxylic ester hydrolases that 
play a key physiological role in the degradation of the intricate structure of the plant cell wall by 
hydrolyzing the ferulate ester groups involved in the cross-linking between hemicellulose and lignin 
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(Beg et al., 2001, Tarbouriech et al., 2005). The combined action of feruloyl esterase and xylanase 
breaks up the diferulic bridges in the xylan chains, which releases lignin from biomass (Tabka et al., 
2006, Yu et al., 2002). The action of xylanases together with other accessory enzymes improves biomass 
degradation by removing hemicellulose, which increases the accessibility of cellulase to cellulose (Gao 
et al., 2011). The application of xylanases and accessory enzymes in conjunction with cellulolytic 
enzymes has previously been considered for use in the bioconversion of lignocellulosic materials. Some 
examples (Tabka et al., 2006) include an attempt to promote the enzymatic saccharification of wheat 
straw for bioethanol production wherein the highest release of glucose was obtained when using a 
mixture of cellulose, xylanase, and feruloyl esterase (Braga et al.,, 2014). Other researchers have 
evaluated supplementation with a commercial enzyme where a 30% (v/v) crude enzymatic complex 
(FAE and xylanase produced on-site) from Aspergillus oryzae F21C3 increased the conversion of 
cellulose derived from pretreated sugarcane bagasse by 36% (w/w).  
To date, no natural microorganism has served as an ideal enzyme for biomass hydrolysis. Therefore, 
inadequate enzymatic activity has been supplemented with native or recombinant enzymes, particularly 
in biotechnological applications (Maedaa et al., 2011). The development of optimized enzymatic 
cocktails containing novel and more stable enzymes, such as accessory enzymes that enable greater 
utilization of biomass, could increase the yield of fermentable sugars from biomass and also enhance 
the efficiency of enzymatic hydrolysis, thereby creating a process that would be commercially viable 
(Pinheiro et al., 2017). 
The intention of this study was to apply xylanase and feruloyl esterase enzymes from the selected 
strains to the hydrolysis of sugarcane bagasse to produce fermentable sugars. As well known, sugarcane 
bagasse is a xylan-rich lignocellulosic by-product of the sugarcane industry and a feedstock for the 
biotechnical production of fuel and sustainable products (Pandey et al., 2000). 
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5.2. Materials and methods 
5.2.1. Sugarcane bagasse preparation 
The sugarcane bagasse used in this study was obtained from a sugarcane factory, PG Rajawali, at 
Subang, West Java, Indonesia. The sugarcane bagasse was sun-dried, ground, and sieved for material 
with particle sizes equal to a 40-60 mesh. The material was kept in sealed plastic bags that were stored 
in a container.   
5.2.2. Biomass pretreatment 
 The sugarcane bagasse was pretreated with 3% sulfuric acid in an Erlenmeyer flask with solid 
loading of 6% (w/w) by exposured to heat treatment in an autoclave (121 °C) for 60 min. The soluble 
and insoluble fractions were separated by filtration. The insoluble fraction (pulp) was neutralized using 
1% NaOH and then washed with distilled water. The pulp was kept in plastic bags and stored in a 
refrigerator for further analyses.  
5.2.3. Strains, materials and chemicals 
 The actinomycetes strains used in this study were obtained from the Biotechnology Culture 
Collection (BTCC), Indonesian Institute of Sciences (LIPI). Xylan beechwood and ethyl 4-hydroxy-3 
methoxy-cinnamate (hereafter, ethyl ferulate) were purchased from Sigma-Aldrich (St. Louis, Mo. 
USA). All other reagents were of the highest grade available. Xylose (X1) was purchased from Sigma-
Aldrich, and xylobiose (X2), xylotriose (X3), xylotetraose (X4), xylopentaose (X5), xylohexaose (X6) 
were purchased from Megazyme (Wicklow, Ireland). 
5.2.4. Xylanase and feruloyl esterase production from the ID06-480 and the ID06-094 strains in 
shake flasks 
Selected strains of the ID06-480 for xylanase producer and the ID06-094 for feruloyl esterase 
producer were cultivated in an Erlenmeyer flask (500 mL) using 100 mL ISP2 media without glucose 
containing 2.5% of pretreated sugarcane bagasse as a sole carbon source. The fermentation was carried 
out on a shaker incubator at 28 oC for 7 days. Next, xylanase- and feruloyl esterase- containing crude 
enzymes were harvested from the culture supernatant via centrifuge at 13,000 rpm and 4 oC for 10 min.  
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5.2.5. Crude enzyme supernatant pretreatment 
The supernatant from the ID06-480 and the ID06-094 strains was desalted by dialysis following the 
standard protocol. The dialysis was performed in a 2 L beaker containing 20 mM sodium acetate buffer 
pH 5.0 at 4 oC for 48 h, and then the resultant (crude enzyme) was concentrated by precipitation using 
polyethylene glycol (PEG) 6000 at 10-15 folds (Ingham, 1990). 
5.2.6. Analysis of sugar, protein and enzymatic activity 
Analyses of glucose and reducing sugar concentrations in the supernatant from the ID06-480 and 
the ID06-094 strains before and after dialysis were performed using the glucose kit CII (Wako Pure 
Chemical Industries Ltd., Japan) and the DNS methods, respectively. Glucose served as the standard 
(Miller, 1959). Protein concentrations in the crude enzyme of the ID06-480 and the ID06-094 strains 
were measured using a Pierce BCA Protein Assay kit (Thermo Fisher Scientific Inc., MA). To 
determine the activities of enzymes from ID06-480 and the ID06-94 strains, the supernantants were 
subjected to the protocol for measurements of xylanase, CMC-ase, FPU, and feruloyl esterase activities. 
Xylan beechwood, CMC, Whatman filter paper no. 1 and ethyl ferulate were used as substrates to 
measure xylanase, endoglucanase (CMC-ase), FPU and feruloyl esterase activities, respectively. The 
xylanase activity was determined in a mixture that contained 250 L of the substrate (0.5 %, w/v) in 
sodium acetate buffer (50 mM, pH 5.0) and 250 L of crude enzyme (diluted). The mixture was then 
incubated at 60 oC in block incubator for 15 min. Reactions were stopped via the addition of 500 L of 
3,5-dinitrosalicyclic acid (DNS) followed immediately by boiling for 5 min in a water bath and 
subsequent cooling (Miller, 1959). The solution was analyzed at 540 nm, in an SpectraMax Paradigm 
Multi-Mode Microplate Reader (Molecular Devices LLC, Orleans Drive, Sunnuvale, CA) to measure 
the release of reducing sugars (Bailey et al., 1992). The endoglucanase activity was determined using 
CMC (1% w/v) (Sigma) prepared in 50 mM sodium acetate buffer, pH 5.0. The filter paper activity of 
the preparations was determined using the procedure recommended by the IUPAC method that called 
for the use of Whatman No. 1 filter paper (Ghose, 1987). The feruloyl esterase activity was determined 
via the modification of a previously established method (Ramírez et al., 2008). The enzyme activities 
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were expressed as U/ml. One enzyme unit was defined as the quantity of enzyme that released reducing 
sugar at 1 mol per min.  
5.2.7. Enzymes 
Commercial enzyme Cellic® CTec2 was generously provided by Novozymes A/S (Krogshøjvej, 
Bagsværd, Denmark) along with a measurement of its protein content/activities. The enzyme protein 
content was determined using the standard BCA method (Smith et al., 1985).  
5.2.8. Enzymatic hydrolysis of sugarcane bagasse in a deepwell maximize 
Duplicate hydrolysis experiments were performed according to NREL Laboratory Analytical 
Procedure (LAP009) (NREL, 1996) with modification as follow.  Pretreated sugarcane bagasse (0.5%, 
w/v) was prepared on a deepwell plate (22331, Eppendorf AG, Hamburg, Germany) containing 1 ml of 
0.05 M sodium acetate buffer (pH 5.0) and supplemented with 0.02% of sodium azid (Merck). The 
reaction was conducted at 35 oC with stirring at 1,400 rpm for 72 h using a deepwell maximizer 
(Bioshaker-M-BR-022UP, Taitec, Japan). The reactions were carried out at a fixed enzyme loading 
concentration of CTec2 (12.2 µg/1 mL equivalent with 1 FPU in 1 mL volume reaction). The crude 
enzyme supernatant from the ID06-480 strain, the ID06-94 strain, and a combination of the ID06-480 
and the ID06-94 strains, were added at 30% (v/v) of volume reaction. In a similar manner, pretreated 
sugarcane bagasse with CTec2 alone (1 FPU), pretreated sugarcane bagasse without the crude enzyme 
and CTec2, and the pretreated sugarcane bagasse with the crude enzyme without CTec2 were also run 
in parallel as references. 
 To determine whether the crude enzyme supernatant from the ID06-480 and the ID06-94 strains 
could enhance the CTec2 degrading efficiency, tests were carried out by adding the crude enzyme 
supernatant before adding CTec2. The reactants were incubated at 35 oC with the crude enzyme 
supernatant only at a loading of 30% (v/v) reaction volume for 24 h. After 24 h of hydrolysis with only 
the crude enzyme supernatant, CTec2 was added at a loading of 12.2 µg/mL (about 1 FPU). 
To determine the rate of sugar release upon the enzymatic hydrolysis, liquid samples from the 
reaction were withdrawn at 72 h and heated at 90 oC for 10 min to terminate the reaction. The samples 
were centrifuged at 13,000 rpm for 15 min at 4 oC, the supernatant was collected and then immediately 
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filtered through Mini-UniPrep filter vials (GE Healthcare UK Limited, Amersham Place, Little 
Chalfont, Buckinghamshire, UK) and kept at -20 oC until analysis. 
5.2.9. Quantification of sugar 
Glucose concentration was assayed using glucose kit CII coupled with GC-MS and reducing sugar 
assay carried out via the DNS method with glucose as the standard (Miller, 1959). Glucose and xylose 
concentrations were measured via gas chromatography/mass spectrometry (GCMS-2010 Plus, 
Shimadzu, Kyoto, Japan) using an Agilent CP-SIL 8CB-MS capillary column (30 m x 0.25 mm) with 
helium as the carrier gas, and at an injection temperature of 230 oC; oven temperature was set at 80 oC 
at t=0 to 2 min, then raised to 330 oC at 1 to 15 oC/min (Matsuda et al., 2011). 
 
5.3. Results and Discussions 
5.3.1. Enzyme production by the ID06-480 and the ID06-094 strains 
The production of crude enzyme supernatant from the ID06-480 and the ID06-094 strains was 
performed under submerged fermentations in an Erlenmeyer flask using pretreated sugarcane bagasse 
as a carbon source to induce the production of xylanase and feruloyl esterase. Sugar sources such as 
glucose and oligosaccharides inside the crude enzyme supernatant from the ID06-480 and ID06-094 
strains should be reduced by desalting for utilization in sugarcane bagasse hydrolysis. During the 
enzymatic hydrolysis of cellulose, its inhibition by xylooligosaccharides (XOS) has been reported in 
previous studies (Kumar and Wyman, 2009, Ximenes et al., 2010, Qing et al., 2010, Zhang  and Viikari, 
2012). 
The inhibition of cellulases by XOS can be theoretically caused by the binding of XOS onto cellulose 
surfaces or by the inhibition of enzymatic activities. Xylobiose and xylotriose inhibited the activity of 
cellobiohydrolase (CBHI) by binding XOS at the active site of CBHI from T. aurantiacus (Zhang  and 
Viikari, 2012). The amounts of glucose and reducing sugars before and after desalting in the crude 
enzyme supernatant from the ID06-480 and the ID06-094 strains are shown in Fig. 1(A) and 1(B), 
respectively. The TLC method was used for investigating the composition of glucose and other 
oligosaccharides in the crude enzyme of the ID06-480 and ID06-094 strains before and after desalting. 
The sugar patterns of each strain are shown in Fig. S1(C), lane 4 and 6 (before desalting) and lane 5 and 
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lane 7 (after desalting). The results show that desalting could reduce the glucose from 23.7 mg/L to 2.8 
mg/L for the ID06-094 strain, whereas the ID06-480 strain showed no glucose content (Fig. S1(A)). 
Desalting also lowered the reducing sugar concentration from 733 mg/L to 71.8 mg/L (ID06-480 strain) 
and from 645.4 mg/L to 70 mg/L (ID06-094 strain) (Fig. 1(B)). Sugar sources such as glucose and 
oligosaccharides inside the crude enzyme supernatant from the ID06-480 and ID06-094 strains should 
be reduced by desalting for utilization in sugarcane bagasse hydrolysis. It is important to reduce these 
sugars in the crude supernatant before performing the evaluation, to ensure that the sugar formation was 
as a result from bagasse hydrolysis. 
5.3.2. Enzymatic hydrolysis of sugarcane bagasse in a deepwell 
Based on the data for xylanase activity, the ID06-480 strain retains significant levels at pH 5.0, and, 
therefore, all hydrolysis was conducted at pH 5.0 to maximize the performance of the enzyme. To 
determine the effect of adding the crude enzyme supernatant from the ID06-480 and the ID06-094 
strains to sugarcane bagasse hydrolysis, the reaction was carried out with a low enzyme-loading 
concentration of CTec2 (12.2 µg of protein per 5 mg sugarcane bagasse equivalent with 1 FPU in 1 mL 
volume reaction), and the crude enzyme supernatant from all strains (the ID06-480, the ID06-94, and a 
combination of the two) supplemented to achieve a 30% (v/v) reaction volume. Since the loading 
amount of cellulase enzymes used in this reaction was low, prolonged saccharification time was 
required for acquiring the saccharification data could be detected by glucose kit CII coupled with GC-
MS and DNS methods.  Therefore, the analysis was performed using the samples taken after 72-h 
cultivation. 
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Fig. 1. Glucose (A), Reducing sugar (B) and TLC analysis (C) of the crude enzyme supernatant from 
the ID06-480 and the ID06-094 strains cultures before (lane 4 and lane 6) and after desalting (lane 5 
and lane 7). Standards (STD): xylose (X1),xylobiose (X2), xylotriose (X3), xylotetraose (X4), 
xylopentaose (X5), xylosehexaose (X6) for lane 1; glucose (G) for lane 2; cellobiose (C) for lane 3 
 
The yields of glucose and reducing sugar released in a 72-h length of hydrolysis were shown in Fig. 
2(A). The impact of supplementing CTec2 with xylanase from the ID06-480 strain resulted in a yield 
of 0.82 ± 0.08 g/L of glucose and 0.89 ± 0.05 g/L of reducing sugars, which was equal to the conversion 
yield of glucose from cellulose at 41.2 ± 4.1% (w/w) (Fig. 2(B)) after 72 h. The impact of supplementing 
CTec2 with feruloyl esterase from the ID06-094 strain, so far, resulted in yields of 0.78 ± 0.03 g/L for 
glucose and 0.89 ± 0.01 g/L for reducing sugars. These results were equal to the conversion yields of 
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glucose from cellulose at 39.1 ± 1.4% (w/w) (Fig. 2(B)) after 72 h. The combination of CTec2 with 
xylanase from the ID06-480 strain and feruloyl esterase from the ID06-094 strain resulted in yields of 
1.2 ± 0.08 g/L of glucose and 1.5 ± 0.13 g/L of reducing sugars, which was equal to the conversion 
yields of glucose from cellulose at 60.5 ± 3.9% (w/w) (Fig. 2(B)) after 72 h. β-glucosidase activity was 
also evaluated using ρ-nitrophenyl-β-glucopyranoside as a substrate, but the activity in the crude 
enzyme supernatant from both of ID06-480 and ID06-094 strain cultivations was not observed (data 
not shown), probably due to a low amount of β-glucosidase. Therefore, the glucose released from 
saccharification of pretreated bagasse without CTec2 might be due to the action of glucanases in the 
crude enzyme supernatant. 
The hydrolysis of pretreated sugarcane bagasse with xylanase alone, feruloyl esterase alone, and a 
combination of xylanase and feruloyl esterase without CTec2 produced glucose and reducing sugars at 
0.08 ± 0.0007 g/L and 0.01 ± 0.0003 g/L, 0.07 ± 0.0004 g/L and 0.02 ± 0.0 g/L, 0.08 ± 0.0007 g/L and 
0.02 ± 0.0003 g/L, respectively. However, if the pretreated sugarcane bagasse was hydrolyzed by CTec2 
alone, glucose and reducing sugars were produced in yields of 0.29 ± 0.02 g/L and 0.4 ± 0.04 g/L, 
respectively, which was equal to the conversion yields of glucose from cellulose at 14.4 ± 0.8% (w/w). 
These results show the presence of protein inside in the crude extract supernatant from ID06-480 and 
ID06-094 strains that potentially contributed to an enhancement of the degradation of pretreated 
sugarcane bagasse.  
The release of xylose during hydrolysis reactions for 72 h is shown in Fig. 3C. The control (CTec2 
alone) yielded a xylose of 69.3 ± 11.7 mg/L, and treatment with both xylanase and feruloyl esterase 
produced similar yields of 75.5 ± 3.9 mg/L and 78.3 ± 3 mg/L, respectively. The combination of 
xylanase and feruloyl esterase yielded a xylose concentration of 100.4 ± 0.94 mg/L. The low 
concentrations of xylose released during hydrolysis were probably due to the low content of 
hemicellulose after pretreatment of the sugarcane bagasse (13.16% on a dry basis). These results agree 
with those reported by Braga et al (Braga et al., 2014). 
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Fig. 2. Sugars released upon the hydrolysis of bagasse under the presences of Cellic®CTec2 and crude 
enzyme supernantants from ID06-480 and ID06-094 cultures. (A) Sugar concentration (yield of glucose 
and reducing sugar) released, (B) Percentage of conversion yields glucose from cellulose after 72 h-
hydrolysis of sugar cane bagasse by the addition of the crude enzyme supernatant from ID06-480 strain, 
ID06-094 strain, and combination of the two, with/out CTec2, pretreated sugarcane bagasse with CTec2 
alone, pretreated sugarcane bagasse without the crude enzyme and CTec2 and buffer alone, (C) Xylose 
concentration released after 72 h-hydrolysis. The results are presented as averages and standard 
deviation (error bars) for hydrolysis carried out at pH 5.0 and 35 ºC in duplicate. Y-axes: pretreated 5 
mg sugarcane bagasse plus crude extract enzyme supernatant from the cultures of ID06-480, ID06-094 
strains and a combination of two in 30% (v/v) from 1 mL reaction volume with Cellic® CTec2 1 X 
FPU. X-axes: g/L sugar released (glucose and reducing sugar), %(w/w) glucose yield and mg/L xylose 
released. 
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The activities of accessory enzymes such as xylanase and feruloyl esterase are known to enhance 
enzymatic cellulolytic hydrolysis(Gao et al., 2011, Braga et al., 2014, Goncalves et al., 2015, Kumar 
and Wyman, 2009, Monte et al., 2010). Kumar and Wyman, (2009) reported that the addition of 
xylanase in the reaction could increase glucose release from solids pretreated by all methods, and the 
release was not decreased with increasing in the portion of xylanase added. Treatment of pretreated 
solids with xylanase before the addition of cellulase and β-glucosidase did not improve the glucose 
release. This was probably due to the greater recalcitrance of Poplar wood that was used in that 
experiment. Whereas, in our study, treatment of pretreated sugar cane bagasse with xylanase and 
feruloyl esterase before the addition of CTec2 could enhance the yield of sugar released. 
Gao et al. (2011) described the use of an optimized cocktail of xylanase and accessory enzymes both 
from fungal cellulases and bacterial hemicellulases that was used in the hydrolysis of AFEX-treated 
corn, which resulted in glucose and xylose hydrolysis yields that were greater than 80 and 70%, 
respectively, with a reasonable amount of protein loading (~ 20 mg/g-glucan). Adding endoxylanases 
significantly increased both the xylose and glucose yields. Maedaa et al. (2011) showed that the 
adequate levels of xylanase and β-glucosidase activity were important for enhancing the efficiency of 
cellu-lignin hydrolysis by enzymatic blends. Braga et al. (2014) also showed how the supplementation 
of a commercial enzyme preparation with 30% (v/v) of crude enzymatic complex from A. oryzae P21C3 
returned high levels of activity from xylanase (74.8 ± 3.6 IU/mL) and feruloyl esterase (47.0 ± 0.6 
IU/mL) that resulted in a 36% improvement in the conversion of cellulose from pretreated sugarcane 
bagasse. Monte et al. (2010) reported the importance of adding xylanase from T. aurantiacus to reduce 
the need for high doses of enzyme to accomplish complete cellulose digestion. In this study, we reported 
for the first time that the xylanase and feruloyl esterase from actinomycetes could enhance the 
degradation of pretreated biomass such as sugarcane bagasse by commercial enzyme CTec2 at a low 
loading (1 FPU/g-biomass). 
 
Conclusion 
The high xylanase activity of Kitasatospora sp. and the first description of feruloyl esterase activity 
from the genus Nonomuraea was screened from among actinomycetes strains isolated in Indonesia. The 
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effect of additions of crude enzyme supernatant from the ID06-480 strain alone, ID06-094 alone, as 
well as a combination of both to reaction with low loading CTec2 (1 FPU/g-biomass) could significantly 
increase glucose and reducing sugar releases during sugarcane bagasse hydrolysis. The combination of 
the crude enzyme supernatant from ID06-480 and ID06-094 strains resulted in a significant increase 
compared with the addition CTec2 alone in the sugar yield during sugarcane bagasse hydrolysis, from 
14.4 to 60.5% (w/w). This strategy is potential to reduce significantly the use of commercial enzymes 
as needed for biomass hydrolysis in the production of fermentable sugars. 
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General conclusions 
 
The findings presented here were aimed for getting the Indigenous bacteria and Actinomycetes from 
Indonesia diversity, especially to produce specific enzyme, such as amylase and hemicellulose 
(mannanase, xylanase and feruloyl esterase) that useful for application in bio-refinery system, especially 
food functional and fermentable sugar producing from raw biomass. The discovery of novel enzymes 
which work optimally at specific conditions provides valuable functions is challenging for the bio-
refinery system. One of the strategies to achieve in exploiting novel enzymes from nature have provided 
valuable candidates is screening for novel enzymes from the natural samples. Based on the mega 
biodiversity of microorganism and also biomass in Indonesia.  
The biomass feedstock become focus attention many researchers in the world as a main material for 
biorefinery application right now. There are two types of biomass feedstocks, such as food-based 
feedstocks and cellulosic feedstocks. Food-based feedstocks mainly high content carbohydrates (starch) 
which are occur in the seeds, roots and tubers of starch crops, whereas the cellulosic feedstocks mainly 
from agricultural, industrial and forest residuals were account for the majority of the total biomass 
present in the world. One of the cellulosic feedstock that high potential in Biorefinery application and 
abundant in Indonesia is sugarcane bagasse. Various kinds of oligosaccharides and fermentable sugars 
have been developed from these raw materials such as starch, xylan, mannan, inulin, fructose etc. They 
can be extracted or obtained by enzymatic hydrolysis from a variety of biomass sources or synthesized 
from simple oligosaccharides by enzymatic transfer reactions. 
In the second chapter, the strains, was exhibiting high amylase (Brevibacterium. Sp) with high 
potential for production of maltooligosaccharide was screened from marine bacteria. The enzymatically 
processed of Cassava (Manihot esculenta), Black potato (Coloues tuberosus) and Tacca (Tacca 
leontopetaloides) starch into variety of different products oligosaccharides such as 
maltooligosaccharides has not been much explored in Indonesia. The development of these starch as a 
source of maltooligosaccharides becomes an alternative source of prebiotics, which may lead to the 
development of a new food ingredient, thus it may promote the economic growth of cassava, black 
potato and tacca starch. Considering the result of psycho chemically characteristic showed that all of 
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starchs can be degraded into simple sugars and maltooligosaccharides randomly using amylase enzymes 
from marine bacteraium (Brevibacterium sp.). 
In the third chapter, a strain, exhibiting high mannanase activity with the production of oligomannan, 
was screened among actinomycetes strains isolated in Indonesia. Then, a β-mannanase was cloned and 
characterized from the strain. The β-mannanase showed favorable enzymatic characteristics, such as 
the high hydrolysis activity and the production of oligosaccharides from various mannan including raw 
mannan polymers. These properties suggest the potential utilization of the ManKs_4-555 (or also the 
mother strain) for basic and applied research in biodegradation of raw mannan biomass and prebiotics. 
We examined one of actinomycetes species, which have not been previously reported for the cloning 
of β-mannanase. The investigation of actinomycetes strains might be potentially useful to obtain β-
mannanases with varied enzymatic properties due to the varieties of strains.  
In the fourth chapter, the high xylanase activity of Kitasatospora sp. and the first description of 
feruloyl esterase activity from the genus Nonomuraea was screened from among actinomycetes strains 
isolated in Indonesia. Xylanase from wild type the ID06-480, Kitasatospora sp.  shows high 
biotechnological potential as good candidates with interesting properties towards the industrialization 
of the co-production of xylose and XOS based on low-cost feedstock.  Genetic engineering of the 
endoxylanase encoding gene is a promising strategy for enhancing enzyme production and realizing the 
reduction of costs for biorefinery applications. In the present work, a high level of heterologous 
expression of two forms of endo-1,4-β-xylanase was conducted in S. lividans. A novel strategy for the 
low-cost, high-yield co-production of xylose and probiotic xylooligosaccharides together with no 
xylose inhibition was developed using a novel heterologous expression of XYN10Ks_480 endo-1,4-β-
xylanase and XYN11Ks_480 endo-1,4-β-xylanase from the Kitasatospora sp in an actinomycetes 
expression system. Our findings demonstrated high levels of expression and catalytic activity for 
XYN10Ks_480 during hydrolysis of the extracted xylan of bagasse, and three types of xylan-based 
substrates were used to produce xylose and xylooligosaccharides. However, hydrolysis by 
XYN11Ks_480 produced xylooligosaccharides without xylose formation. This study demonstrated 
how integrating sodium hypochlorite-extracted xylan and enzymatic hydrolysis could provide an 
alternative strategy for the generation of XOS from lignocellulosic material as prebiotic precursors for 
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the preparation of bioethanol, xylitol, succinic acid, and other chemicals. A particularly interesting 
aspect of this strategy was the similar manner in which xylose and XOS could be obtained by using the 
sodium hypochlorite-extracted xylan from bagasse compared with the use of commercial xylan.  To the 
best of our knowledge, this is first report where one strain, Kitasatospora sp., was used to produce two 
types of enzymes with different catalytic properties and both enzymes could produce either XOS and 
xylose or XOS alone.  
Furthermore, the addition of enzymes that are capable of degrading hemicellulose has a potential to 
reduce the need for commercial enzymes during biomass hydrolysis in the production of fermentable 
sugars. In the fifth chapter, the addition of enzymes that are capable of degrading hemicellulose has a 
potential to reduce the need for commercial enzymes during biomass hydrolysis in the production of 
fermentable sugars. In this study, a high xylanase producing actinomycete strain (Kitasatospora sp. 
ID06-480) and the first ethyl ferulate producing actinomycete strain (Nonomuraea sp. ID06-094) were 
selected from 797 actinomycetes, respectively, which were isolated in Indonesia. The addition (30%, 
v/v) of a crude enzyme supernatant from the selected strains in sugarcane bagasse hydrolysis with low-
level loading (1 FPU/g-biomass) of Cellic® CTec2 enhanced both the released amount of glucose and 
reducing sugars. When the reaction with Ctec2 was combined with crude enzymes containing either 
xylanase or feruloyl esterase, high conversion yield of glucose from cellulose at 60.5% could be 
achieved after 72 h-saccharification. This strategy is potential to reduce significantly the use of 
commercial enzymes as needed for biomass hydrolysis in the production of fermentable sugars. 
By the finding of our research have the challenging to develop the production of various hydrolase 
enzyme such as amylase, mannanase, xylanase and feruloyl esterase with high activity and specific 
characteristic from the Indigenous bacteria and Actinomycetes from Indonesia diversity that useful for 
application in various industry in Indonesia, especially food industry and biorefinery applications. This 
will give impact to increase the collaboration with private industry to develop the independences of 
national enzyme production in Indonesia, more ever the amount of import enzyme from a broad can be 
decreased and the production of the domestic enzyme will help to cost savings of up to 60 percent. 
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